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November 30, 1983

Six Agency Committee
c¢/o 107 South Broadway, Suite 8103
Los Angeles, California 90012 (Our Job No. E-83066)

Attention: Mr. Myrom B. Bolburt

Gentlemen:

Qur report entitled, 'Phase I Hydrogeologic Investigation,
Feasibility of Recovering Ground Water in the East Mesa Area, Imperial
County, California" is herewith submitted. This report supersedes our
preliminary report dated September, 1983,

The Phase I hydrogeologic investigation indicates that a program
of recovering ground water in the study area is considered feasible.
Based on our study, we estimate that 700,000 acre-feet of water has been
added to ground water in storage through seepage loss from canals.
Additional studies are recommended to verify the validity of recovering
water, particularly from 2 water quality standpoint.

Respectfully submitted,

LeROY CRANDALL AND ASSOCIATES
,AC&& ’/4lt»aqxﬁb

by a

Gary Guacel, C.E.G. 1159
Senior Geologist

Mervin E. Johnsoti, C.E.G. 26
Principal Engineering Geologist
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Glenn A. Brown, C.E.G. 3
Director of Geological Services

by
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INTRODUCTION

This report presents thé results of our Phase I investigation
undertaken to evaluate the feasibility of recovering ground water in the
East Mesa Area in Imperial County, California. A sizable ground water
basin underlies the East Mesa Area. Seepage losses from the unlined All
American and Coachella Canals have contributed additional water to
ground water in storage in the area. Water recovered from the East Mesa
Area could be utilized in Southern California directly or indirectly
through tradeofifs.

SCOPE OF WORK

Phase I of the investigation was authorized on March 17, 1983,
and included the collection and analyses of basic available data to:

1) Develop an estimate of the volume of ground water in
storage (resulting from seepage losses).

2) Determine the direction(s) of ground'water movement,
3) Determine the ground water quality.

4) Determine the potential annual pumpage and duration in
years of such pumpage.

5) Determine if a second phase was appropriate to include
drilling and testing of a series of water wells to ob-
tain the formation parameters of transmissivity and
storativity. :

The first phase of the investigation included the following

tasks:
Task 1 Acquisition of geologic and soil maps covering
the area of interest.

Task 2 Field reconnalssance of study area to refine
available map information.
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Task 3 Collection of logs of water wells, geothermal
wells, and other subsurface data.

Task 4 Collection and study of historic ground water
level measurements at water wells.

Task 5 Collection and study of chemical analyses of
surface and ground waters.

Task 6 The development of information on owners of
existing wells and estimates of pumpage.

Task 7 Preparation of a report presenting the findings

of the first phase of study and recommendationms
for the next phase,

Our professional services have been performed using that degree
of care and skill ordinarily exercised, under similar clrcumstances, by
reputable geologists practicing in this or similar localities. No other
warranty, expressed or implied, is made as to the professional advice

included in this report.

LOCATION AND DESCRIPTION OF STUDY AREA

The study area is shown on Plate 1, Location Map of Study Area.
The study area is located imn the East Mesa Area of the Imperial Valley
in the extreme southeastern part of (alifornia, about 35 miles southeast
of the Salton Sea. The study area is bordered by the Algodones Sand
Hills on the east, the East Highline Qanal on the west, the California-
Mexico Border on the south, and a line parallel to and approximately 10
miles north of the border. The study area forms an irregular rectangular-
shaped area encompassing approximately 184 square miles.

The All American Canal lies in the southern portion of the study

area, near the internatiomal border. Approximately 21 miles of this
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canal traverses east-west through the study area. The new lined Goa-
chella Canal, completed in 1980, extends about 12 miles northwesterly
from the All American Canal in the eastern portion of the study area.
The lined canal is located just east of the old unlined canal. The East
Highline Canal extends‘northerly from the All American Canal along the
western border of the study area. About 11 miles of East Highline Canal
borders the study area.

Interstate 8 extends southeasterly from the East Highline Canal
to Midway Well, and then east to the Algodonés Sand Hills. Most of the
area is undeveloped and unpopulated, except for some residences at
Gordon's Well in the southeasternm corner of the area. Two small experi-
mental farms are located a2long the All American Canal in the south-
central portion of the study area. Farm No. 1 and Farm No. 2 are
located south and north, respectively, of the All American Canal. About
three square miles in the southwestern corner of the study area are in
cultivation. This area includes some laterals (small canals) for
irrigation and drains for return irrigation water, Other small areas in
the East Mesaz Area have been or will be put into cultivation. The
northwestern corner of the study area.includes a portion of the Holt-
ville Aivfield and the Tmperial Valle§ Sanitarium. Geothermal power
facilities are present near the western border of the study area north
of Interstate 8.

PREVIOUS WORK

The investigation began on March 21, 1983, with the review of

in-house information, including published and unpublished literature
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(see bibliography). A working base map of well locations and data
available for each well was prepared to assist in our analyses. The
unpublished data included information from our prior tramsmission line
study along the Border.

Some informationm on the East Mesa Area was obtained from the
Colorado River Board, in the form of tramscripts of the Colorado Rivery
litigation, Arizona vs. California. The Board alsc provided some Bureau
of Reclamation data on logs of recent borings adjacent to the All
American Canal. A geohydrological study of the zquifers of the Mexicali
Valley and San Luis Mesa, Mexico, also provided by the Board, was
briefly reviewed.

Microfiche data on water quality were obtained from the Depart-
ment of Water Resources in Sacramento, and 14 well logs were cobtained
from their Los Angeles office. Water level data were not availiable on
microfiche for the study area. Files at the California Division of 0il
and Gas were reviewed at the Long Beach and El Centro offices, but very
1ittle information was obtained.

The most abundant and useful data, with respect to water levels,
have come from reviewing data at the %mperial Irrigation District's
office in Imperial. Hydrographs from'334 observation wells in the study
arez were obtained from the District. Current readings (1978-1983) were
plotted to update some of the District's hydrographs. Many of the
hydrographs included graphic well logs; descriptive well logs were also

obtained for many of the wells. Some data were also obtained from the
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District on the amount of seepage loss frow the All American Canal from
about 1942 to 1969.

A brief reconnaissance of the area was also performed along
Interstate 8. Data in the Yuma office of the U.S. Bureau cf Reclamation
were also reviewed. Data obtained from the Bureau included some well
logs, piezometer data, and a ground water hydrology report of the
Coachella Canal area.

HISTORY OF CANALS AND SEEPAGE

The All American and Coachella Canals were constructed as
unlined canals in the 1940's to bring Colorado River water to the
Imperial and Coachella Valleys. Construction on the All American Canal
began in August, 1934 and was completed in late 1940. Water was de-
livered to the East Highline Canal in October, 1940. In February 1942
the All American Canal became the sole means of diverting Colorado River
water to Imperial Valley. Four power drops were constructed on the All
American Canal between the Coachella Canal and the East Highline Canal.
Depth (below ground surface) varies between 5 to 28 feet, &4 to 39 feet,
and 10 to 15 feet for the All American, Coachella, and East Highline
Canals, respectively. At Drop 4 on the ALl American Canal, the canal is
about 50 feet deep locally.

The Coachella Canal was completed in 1948 and began diverting
water from the All American Canal (at Drop 1) to the Coachella Valley.
Initial water delivery began in 1944 along the completed portion of the
canal in the study area. Soon after construction of beth canals,

leakage from the unlined canals began creating mounds of ground water
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beneath the canals. To prevent significant loss of water from the
Coachella Canal, the U. S. Bureau of Reclamation reconstructed the first
49 miles of the canal with a new concrete-lined canal. The new canal is
located east of the older reach and was completed in late 1980.

PHYSTOGRAPHY

GENERAL

The study area within East Mesa is located in Imperial Valley
within the Szlton Trough Physiographic Province. The valley is bordered
by the Salton Sea on the northwest, the Chocolate Mountains on the
northeast, the Peninsular Range on the southwest and the Andrade Mesa
and Mexicali Valley on the southeast, which is contiguous with the
Imperial Valley. The study area 1s bordered on the west by relatively
flat-1lying cultivated land of the central Imperial Valley within the
high water lines of prehistoric Lake Czhuilla. Bordering the study area
on the east are the Algodones Sand Hills, comprising a northwesterly
trending zone of sand dunes about five to six miles wide. Some of the
ridges of the dunes are as much as 300 feet above the surface of the
mesa (Loeltz, et al, 1975).

TOPOGRAPHY

The surface of East Mesa slopes west-southwestward at approxi-
mately 6 to 12 feet per mile. Elevations of the study area vary from
about 160 feet at the base of the Sand Hills to about 25 to 35 feet
adjacent to the East Highline Canal. The surface itself is typically

covered by thin, irregularly-shaped sheets of windblown sand generally
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less than 20 feet thick (Loeltz, et al, 1975). Individual dunes are
often oriented northwest-southeast. The predominant form of vegetation
in the study area comsists of scattered creosote bushes. The All
American Canal crosses Fast Mesa at an elevation of about 160 feet on

the east to about 40 feet on the west.

DRAINAGE

Drainage in the study area is essentially internal. The very
low annual rainfall, the soil moisture deficiency, the consumptive use
of desert vegetation, and the irregular shaped surface of the mesa
(formed by the dune sands) precludes any major drainage. Some minor
drainage channels are present in the western portion of the area. No
major drainage channels enter or traverse the study area.

GEQLOGY

REGIONAL GEOLOGY

East Mesa is located in Imperial Valley within the southern
portion of the Salton Trough. This trough is a structural and topo-
graphic depression, representing a sediment-£filled fault block bounded
generally by the San Jacinto Fault System on the west and the San
Andreas Fault System on the east. Faglts present within the trough on
or near its axis include the Imperial: Brawley and Calipatria Faults.
The Imperial Fault is located in the Central Imperial Valley west of the
study area. The latter two faults cross the western portion of the
study area. ;

Sediments infilling the trough include Holocene through Eocene

non-marine and marine deposits and sedimentary rocks, up to 20,000 feet
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thick, overlying a basement complex of pre-Tertiary plutonic and meta-
morphic rocks. Depth to basemeﬁt complex beneath the study area varies
from about 10,000 feet on the east to over 20,000 feet in the western
portion.

LOCAL GEOLOGY

General

The general geology of the study area is shown on Plate 2,
General Geologic Map. Cross sections of the study area are presented on
Plates 3 through 6, Cross Sections A-A' through F-F'. The geclogy of
the study area consists of a gently sloping alluvial surface mantled
with thin veneers of Holocene wind blown sand. Underlying these sands,
as well as exposed at the surface, are Quaternary deltaic and lacustrine
deposits.

The study area is bounded on the east by the inferred west
branch of the Sand Hills Fault, part of the San Andreas Fault System.
The Calipatria and Brawley Faults traverse the western and southwestern
portions of the mesa. “

Three high heat flow or geothermal znomalies have been recog-
nized in the study area. The Mesa An?maly is located northeast of the
intersection of the East Highline Can;1 and Interstate 8, and is the
main anomaly in the study area. The Border Anomaly is located north of
and parallel to Interstate 8 in Range 18 East 3BEBIM, The Dunes Anomaly
is located in the eastern portion of the area in Section 33 in T155,

R19E between the Sand Hills Fault (west branch) and the Coachella Canal.

These anomalies are not discussed further in the report.
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Deltalc Deposits

Shallow subsurface deposits underlying the study area predomi-~
nantly represent river deltaic sediments of the Colorado River delta.
Available logs for wells in the study area indicate that the deltaic
sediments predominantly consist of fine to coarse sand, locally silty,
clayey or gravelly, and silt, clay, and silty clay. There appears to be
somewhat of a coarse to fine gradation in grein size from east to west
beneath the study area. Many of the gravels emcountered in wells along
the east side are probably fanglomerate deposits derived from the
Chocolate Mountains to the northeast. The log for a well in the Dunes
Geothermal Anomaly Area indicates that the deltaic deposits are at least
2,000 feet thick. About 800 feet of the deposits im this area have been
hydrothermally altered.

Along the All American Canal, logs from several U.S. Bureau of
Reclamation test holes indicate that the upper 100 feet of sediments are
mainly light brown, poorly graded, loose, fine to medium grained sand
with some gravel and with about 5% fines. Some of these gravels are
rounded, indicating a fluvial source. The sand contains layers or
lenses of a brown, fat, soft to stiff’clay varying in thickness from
about ? feet to 24 feet. Logs from $;me of our shaliow borings drilled

near the canal for a prior transmission line study indicate that some of

the sand and clay is silty.
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Lacustrine Deposits

The deposits of Lake Cahuilla consist of a tan and grey fossil-
iferous lacustrine clay; silt, and scme fine grained sand. Some evapor-
ite deposits are also present. The Cahuilla Lake beds are present at
the surface in the wes£ernmost portion of the study area, adjacent to
the East Highline Canal. These deposits are intercolated in the sub-
surface with the deltaic deposits to the east.

Windblown Sand Deposits

The windblown sand deposits overlie the deltaic and lacustrine
deposits throughout much of the study area. These sands are well sorted
and fine to medium grained and atre 20 feet or less in thickness. These
sand deposits appear to be stabilized or gsemi~stabilized by native
vegetation. Plate 2 shows the general distribution of the sand de-
posits. Additiomal smaller bodies of sand deposits are present in the
area but are not shown on the map.

Subsurface Distribution of Deposits

Cross sections A-A' through F-F' depict the subsurface deposits
beneath the study area. Most of the wells for which logs are available
in the area are 50 feet or less in degth. In addition, most of the logs
are not of sufficient detail and/or tge materials are not distinctive
enough to allow correlation of deposits over any great distance.

Deltaic deposits are generally interfingering, discontipuous and len-

ticular. Some of the thicker layers of clay in the well logs may

represent lake bed deposits which may be continucus over some distance.
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From east to west, the deposits generally grade from gravel to sand to
clay. However, the lack of sufficient deeper information and the lack
of distinctive deposits prevent any widespread correlations from being
made.

Faulting

Two major faults have been recognized In the study area: the
Calipatria Fault and the Brawley Fault. Both faults trend northwest-
southeast through the west and southwest portions of East Mesa, as shown
on Plate 2. The faults are reported to have a right lateral as well as
a vertical component of movement. The Calipatria Fault is dovmthrown on
the northeast side, whereas the Brawley Tault is downthrown on the
southwest side as shown on Plate 4., Basement complex rocks are indi~
cated to have z vertical separation of zbout 7,000 feet across the
Calipatria Fault in East Mesa. Only minor oifset of basement rocks is
indicated for the Brawley Fault.

Our analysis of ground water data indicates that there is a
disparity in wvater levels across both faults. This is discussed further
in the following Hydrogeology Section of the repert.

A well in the Dunes Geotherma% Anomaly Area encountered a fauit
in the deltaic deposits at a depth of'SOO feet. The fault coidsisted of

a three-foot—thick zone of fault gouge (clay). No other information is

available on this fault,
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HYDROGEOLOGY

WELL INVENTORY

Data obtained from the Imperial Irrigation Pistrict (I.I.D.) and
from various sources listed in the bibliography indicate at least 500
wells in the study area, as shown on Plate 7, Well Location Map. These
wells include observation wells, test holes, geothermal wells and test
holes, temperature wells, petroleum exploration wells and test holes,
apd water wells.

Available data on each well were tabulated, including informa-
tion on the well mumber, owner or user, year drilled, depth, type of rig
used to drill the well, diameter of casing, pump type and power (if
any), yield, well use, measuring point sbove ground surface, elevation
of ground surface, and the interval of perforations in the casing.
Useful data are not available for many of the wells. The tabulateq data
have not been included in the report but are available for review in our
supporting data files.

The wells are numbered in accordance with the system used by the
California Department of Water Resources and the U.S. Geological Survey.
Table 1 should be referred to for an ?xplanation of the numbering
system. A last digit number has been'added to the wells to provide
reference to data in the supporting data files. In some instances, only

the approximate location of the well within a subdivision or a portion

of the section is known. Lack of sufficient location data for some
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Table 1

Well Numbering System

Well numbers in the text and on plates are in accordance
with the numbers applied to wells by the California De-
partment of Water Resources and the U. S. Geological Sur-
vey in California. These numbers indicate the tovnship,
range, section and position of the well within each
section according to 40-acre tracts. For example, for
well 168/18E-21R1, the first number and letter indicate
the township (16 south), the second number and letter
indicate the range (18 east), the number following the
hyphen indicates the section, and the following letter and
number indicate the 40-acre subdivision of the section and
which well within that subdivision. The 40-acre subdivi-
sions within a secticn are as follows:

D | C B | A

#NOTLE: All well numbers are referenced to the San
Bernardino Bzseline & Meridian
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wells may have resulted in thelr duplication on the map., Some dis—
crepancies in well numbering are also present in literature, Well
locations were not field checked during this phase of the study.

0f the approximately 500 wells in the study area, four are deep
oil or gas wells or exploratory drill holes (158/17E-27F1, 168/17E-16Q2,
16S/18E-27E and 175/19E-531). About 32 wells are geothermzl wells or
drill holes, and 12 are water wells (155/16E~36EL, 158/17E~19E1, and
19E2, 168/17E-16Q1, 16S/19E-36P1 and 36P2, 165/1%9E~-36Q1, Q2 and Q3,
16S/20E-32R1, 178/17E-3C1, and 17S/18E-4H4). The petroleum and geother-
mal wells are indicated onm Plate 7 by special symbols. Wells
178/18E~4A3 and 1758/17E-3C1 are used by I.I.D. to supply cooling water
for turbine generators at Drops 3 and 4, respectively (Loeltz, et zl,
1975). Well 4A3 has a pump set at 76 feet (below ground surface) with a
pump capacity of 272 gpm. The pump in Well 3Cl is set at 96 feet and is
usually pumping 350 gpm. Neo records of pumpage for the water wells in
the area were made available. A brief field reconnaissance and a fly
over of the area indicate that present pumpage is a small quantity.

In addition, one well (17S/20E-4D1) is a pilot production well
constructed by the U.S5. Bureau cf Rec}amation (U.S5.B.R.). The remaining
wells are observation wells, temperat;ra wells, and test holes, includ-
ing 10 test holes drilled by our firm in 1980 for a traunsmission line

study. Many of the wells in the area are either abandoned, destroyed,

or unused.

=
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Most of the wells in the study area have been used to monitor
changes in water levels due to canal seepage. The majority of the wells
are located im the southern portion of the area, near or in the vicinity
of the All American Canal. The remaining nqnwobservation wells are
concentrated primarily in the Mesa and Dunes geothermal anomaly areas
discussed earlier.

Nearly all of the wells have been drilled since late 1940,
Approximately 66 observation wells were drilled in the early 1940's.
Three wells (178/17E-3C, 178/18E-4B, and 17S/19E-4T) were reportedly
drilled in 1936, and Gordon's Well (165/19E-36P1) was drilled in or
prior to 1933, Gray's Well may also have been drilled during the
1930's. Several other wells may also have been drilled in the 1930's.
Midway Well was drilled in or near 1940. TFive water wells (16S/19E-
36Q1, 36Q2 and 36Q3 and 155/16E-19E1l and 19E2) have been drilled in the
early 1980's, and several test holes have been drilled by the U.5.8.R.
in the late 1970's and early 1980's as well. The U.S.B.R. recently
completed drilling 16 additiomal observation ;ells along or near the All
American Canal between Drop 1 and the East Highland Canal in May and
June, 1983. These wells are not showq on the plates.

Depths are available for appr;ximately 435 wells. Most of these
wells, about 306 wells or 70 perceat, are 60 feet or less in depth.

Most of these were constructed for the monitoring of water levels and
seepage from the All American Canal. About 79 wells or drill holes

(17%) are between depths of 100 and 600 feet, six wells or drill holes
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are betﬁeen depths of 6,000 and 8,200 feet, and one well {oil or gas
Well 15S8/17E-27F1) was érilled éo a depth of 10,624 feet. The deeper
wells are associated with geothermal and 0il/gas exploration.

Well casings vary from 1 to 18 inches in diameter, but 2 inches
{s the most common diameter for the observation wells. The interval of
perforations in the casing is unknown for many wells. Some of the wells
have only well points attached to the bottom of the casing.

Information on water levels in the study area was obtained from
water level measurements by the I.I.D. over a period of 30 to 40 years
for about 334 wells. The I.I1.D, began recording water levels between
1940 and 1950 and have continued the observations until the present
time. Measurements Began from about 1940 to 1942 for 62 wells. 246
observation wells were constructed in the study area sometime between
1947 and 1950. Most of the measurements, therefore, began during this
time period.

Periodic measurements of the wells continued until 1976 when
measurements were discontinued for 174 walls.. Prior to 1876, 59 wells
had been dropped from their monitoring program for various reasons.

Measurements have continued for 101 wells into the early 1980's,

i
4

Continuous water level measurements are available for omnly 17 wells from
the early 1940's to the early 1980's.

The I.1.D. maintained hydrographs on water levels until 1976.
Following 1976, they continued with the monitoring of the remaining

wells but have not updated the hydrographs. We have taken 1.1.D."s

=
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measurements and updated the hvdrographs for the years 1977 to 1983. A
total of 334 hydrographs were obtained and reviewed for this study.
Representative hydrographs of the study area in relation to the All
American Canal are presented on Plates 10 through 13, Hydrographs.

OCCURRENCE AND MOVEMENT OF GROUND WATER

Qccurrence

Ground water in the study area occurs im the alluvial {(deltaic)
deposits beneath the mesa. Based on data from logs in the area, ground
water occure in sand and gravel deposits under unconfined conditioms
throughout most of the area. Under such a condition, precipitation on
the surface or seepage from the canal can percolate unimpeded to the
water table. Ground water then moves under the force of gravity accord-
ing to the slope of the water table.

Little information is available on the gontinuity and areal
extent of clay beds beneath East Mesa. In some areas, clay beds may
prevent the downward migration of water to the water table, causing
semi-perched or perched conditions. These conditions could particularly
be found in the western portion of East Mesa, in asgociation with the
Cahuilla Lake beds.

¥

Ground water occurs under bot% confined and vnconfined condi-
tions immediately east of the East Highline Canal, as well as to the
west, Clay beds between overlying and underlying permeable layers
restricts the free hydraulic connection between the aquifers. Ground
water under confined conditions is moving under pressure caused by a

difference in head between the recharge area and the discharge area.
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The hydrograph of Well 155/18E-16P1 indicates that the U. S.
Bureau of Reclamation noted "some artesian action” in the northwestern
portion of the study area. The U.5.B.R. also recorded rises in water
levels of between 0.2 and 3.0 feet during drilling of Wells 158/17E-31P1
and 34R1, 155/18E~18R1, 16S/17E-16R1, 16S/18E~17R1, and 165/19E~17R1.
This suggests that confined or gsemi-confined conditions may occur
locally in the study area.

Water Levels

Water level information in the study area prior to construction
of the All American Canal is limited to two wells, Gray's Well (19337)
and Gordon's Well (1933), and two test holes, 178/17E-36 (1936) and
175/18E-4B (1936) at Drops 4 and 3, respectively. This information
consists of a single measurement for the year indicated. With the
commencement of water deliveries in 1940, additional water wells and
ochservation wells were constructed. Hydrograph data are available for
19 wells heginning in 1940. The areal distribution is very poor,
however, with 16 of those wells located west of Drop 4.

By 1942, the number of wells with data had increased to 5% with
fair areal coverage. Plate 8, Ground‘Water Contour Map, October 1942,
$1lustrates the ground water surface ;fter about two years of operation
of the canal. Water levels along the canal had already shown a rise of
about 2 feet at Gordon's Well between 1933 and 1940. The depth to the

ground water surface at Gordon's Well was 83 feet in 1940. Thefdepth to

ground water in 1942 was about 70 feet at Gordon's Well, 55 feet at
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Midway Well, 34 feet east of the Calipatria Fault and 10 feet at the
East Highland Canal. Preconstruction All American Canal ground water
level data are not available for determining the rise in other wells
between 1940 and 1942.

The ground water contours indicate that ground water movement
was generally west~northwest in the northern portion of the mesa. In
the southern portion of the area {north of the canal), ground water
movement was more northwesterly, Euggesting that canal seepapge was
already having an affect on the ground water table. Cross Sections c-C!
through F-F' (Plates 5 and 6) indicate a broad, subtlé mound of water
below the All American Canal. This also suggests that seepage was
alreddy having an affect on the water tzble. Data are not aveilable for
the area south of the All American Canal, east of Drop 4. Limited water
levels in the vicinity of Drop 4 suggest that ground water may be mcving
southwesterly towards the Border. Water level data south of the Border
were unavailable for the 1940's, and therefore ground water movement
into Mexico could not be demonstrated. However, water level data for
1939 in the Andrade Mesa and Mexicali Valley indicate that, prior to the
operation of the All American Canal, grouné wvater movement was westerly.

The water level data indicatefthat the Calipatria Fault in the
study area acts as a partial barrier to ground water movement at depth.
There appears to be as much as 10 feet in disparity across the fault in

1942, with the water level lower on the west side.
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The Brawley Fzult may also act as a barrier to ground water
movement, but to a lesser degree. Water level data suggest that there
may be a difference of two feet or less.

Ground water movement north of camal between the Calipatria and
Brawley Faults is to tﬁe northwest, parallel to the faults, and is
possibly due to the barrier effects of the faults.

The average hydraulic gradient during 1942 from Gordon's Well in
the southeast to the Holtville airfield in the northwest is about 0.0007
(3 ft/mile).

The elevation of the ground water surface during October 1982 is
presented on Plate 9, Ground Water Contour Map, October, 1982. Depth to
ground water along either side of the All American Canal varied from
about 9 feet near Gordon's Well to about one foot near Midway well.

Contours of 1982 water levels indicate that ground water move-
ment was west-northwest for most of the study area north of the canal
and towards Mexico south of the All American Canal. Data omn water
levels are very limited along the north berder of the area, but ground
water movement here appears to be southwesterly and westerly, away from
the Coachella Canal. ,

The effects of canal seepage.én the water table are clearly
evident on the 1982 contour map {Plate 9). The contours suggest a ridge
or mound of water beneath the canal. Ground water is moving northerly
on the north side of the canal and southerly towards and into Mexico on

the south gide of the canal.

=
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The ground water ridge is separated by a trough in the area
between Drop 1 and 2. This trough in the surface of the watet table
extends both to the south (to the border), as well as to the north and
the east (about one mile north of Gordon's well). The 1942 levels do
not indicate a low at ﬁhis location, although data here are very sparse.
The water level elevations indicate that ground water mevement is from
east to west north of Gordon's Well and then south beneath the canal
into Mexico, as shown on Plate 9. A reasonable interpretation of the
data would suggest a buried river or stream channel with a higher
transmissibility than surrounding deposits. This channel would allow
water to drain relatively faster from this area. A fault cannot be
ruled out, and a northeast trending vegetation lineament is present at
this location. However, the channel interpretation is the most reason-
able. The channel may represent a former channel of the ancestral
Colorade River.

West of Drop 2 on the All American Canal the depth to ground
water varies from 0 to 25 feet. Probably most of the ground water is in
direct hydraulic connection with water in the canal (zbove the invert of
the canal). Water levels in observation wells along the canal suggest

i
direct connection since 1951, East o% Drop 2, the depth to ground water
varies from about 15 to 40 feet. The saturated zone is probably below
the invert of the canal and not in direct connection with canal water

except near Gordon's Well,
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The 1982 water level data and contouring do not indicate any
definitive offset of the water ﬁable which could be attributable to the
Calipatria and Brawley Faults. If the faults do affect the 1982 levels,
the disparity would be less than a few feet.

The average hydraulic gradient for 1982 levels from east to west
is about 0.001 (5 ft/mile). This is slightly greater (steeper) than the
average gradient that existed in 1942 levels.

Water levels for 1976, in a prior study by others, clearly indi-
cate that ground water movement south of the Border is south-southwesterly
in Andrade Mesa and Mexicali Valley. Therefore, the effects of canal
seepage in the U. S. are clearly evident south of the Border.

Water Levels Near East Highline Canal

Water level data between 1962 to 1976 near the East Highline
Canal suggest that some seepage had occurred from this canal. 1982
water levels (Plate 9) do not indicate significant seepage from the
canal. However, some seepage is suggested as shown by the water level
profile on Cross Sections G-G' and I-I' (Plat;s 15 and 16). Cross
Section G-G' indicates a five-foot rise in the water level near the

canal, south of Interstate 8. Cross Sections I-I' and J~J' suggest a

1
v

much broader but subtle rise in the water level east of the canal. The
canal appears to intercept the water table in each of the sectionms. As
shown on Plate 15, the water level actually declines immediately adja-
cent to the canal in Section H-H', which mev indicate that the canal is

acting as a drain.
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Water Level Fluctuations

A review of the available hydrographs indicates that cyclic
fluctuations occur annually in wells adjacent to and in the vicinity of
the All American and East Highline Canals. The cyclic fluctuations are
greatest at the canals and decrease in magnitude in both directions away
from the canals. The fluctuations may be the result of an increase in
seepage loss in response to an increase in inflow in the canals.

Three main asreas of water level fluctuatioms occur along the All
American Canal: 1) just west of Drop 1, 2) between Gordon's Well and
Drop 3, and 3) just east of Drop 4. In each of these areas, the annual
cycliec fluctuation is nine feet or greater. The greatest fluctuation in
1949 was 17 feet and occurs at two localities: about 1/2 mile east of
Drop 2, and at Experimental Farm No. 2 {north of Drop 2). The fluctua-
tions do not occur in wells farther away from the canals. By 1975, the
magnitude of these yearly fluctuations decreased to a maximum of seven
feet.

The seasonal variation in water surface elevations in the All
American Canal is reported to be about two feet or less (I.1.D., hydro-

graphs). This change in head may be sufficient to increase the rate of
4

-

seepage into underlying materials to cause the greater change In the
water table. In addition, irrigation in the past may also have con-
tributed locally to the seasonal rise in water levels.

The rise first occurs adjacent to the canals and then proceeds

away from the canal in both directions. The rise initially begins
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sometime between January and March. The initial rise in water levels
appears to have occurred first at Drop 3 in January, at Drop 2 in
February, and in March at Drop 1. The rise spreads slowly away from the
canal at Drops 3 and 4, but rapidly in the vicinity of Experimental Farm
No. 2, between Farm No. 2 and Drop 1, and to a much lesser extent at
Farm No. 1. There is an abrupt change in the rate of the rise west of
Drop 4, where it rapidly progresses laterally. This may be related to
farming and irrigation in this area and possibly to a perched water
table condition as well.

Other Water Level Changes

The hydrographs indicate that other changes have occurred in
water levels in localized areas in the study area. Hydrographs for
wells in the vicinity of Experimental Farm No. 2 indicate that water
levels declined about 4 to 8 feet in March 1971 with apparently no
recovery through 1976. Water levels also declined about 3 to 8 feet in
1957 for wells south of the All American Canal between Drop No. 1 and
Drop No. 2. This is close to the time that seepage from the canal was
at a minimum. Water levels did not rise again until either 1960 or
1973, but they did rise a similar amoynt. Repeated seepage losses were
high in 1960 and 1974 but not to the'éxtent of the losses in éarlier
years. The fluctuation in water levels again might be related to the
amount of inflow and/or seepage in the All American Canal. Several

other declines in water levels are also recorded on the hydrographs;

some of these appear to be local and rapid. For example, the hydrograph
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for Well 178/19E-4B) indicates that the water level rose 10.8 feet from
January 1949 to February 1949. A note on the hydrograph suggests that
this rise might be a clay seal breaking under a head of water.

The effects of lining the Coachella Canal, essentially stopping
seepage, is clearly evident in hydrographs. The closest wells to the
canal with current hydrographs (158/18E-16P1, 16S/19E-5M1, and 165/19E-
25R1), about 1/2 to 1 mile away, record a steady decline in the water
jevel of five feet from late 1980 to early 1983. Several wells up to
thrée miles awav record a decline of 1 to 2% feet.

TOTAL RISE IN WATER LEVELS FROM CANAL SEEPAGE

General History of Rise in Water Levels

As previously discussed, initial delivery of water to the All
American Canal began in 1940. By October of 1940, water was being
diverted to the East Highline Canal. By February 1942, water in the
capal was the sole source of water for Imperial Valley. Water was
apparently flowing in the Coachella Canal in 1944 according to data by
Loeltz and Leake (1977).

Water level data for 1940 are available for only 19 wells.
However, the first measurements of wa}er levels for 13 of these wells
began in December 1940, after canal opératiun had already begun. Water
levels are available for only six wells (16S8/16E-24R1, 168/17E-2971,
168/17E-34R1, 16S/18E-35P1, 165/19E~36P1 and 1758/16E-1R1) prior to
December 1940. The earliest measurements, however, for any of these

wells is August, 1940, Examination of the hydrographs of these wells
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(all but 24R1 and 29P1 are shown on Plate 10) indicate that an initial
rise in water levels, presumably due to canal seepage (A1l American
Canal), may have occurred either sometime during or before the period
August to November, 1940. This initial rige varied from about 4 to 23
feet, but then levelled off in 1941 or 1942. The rate of rise was as
much as 19 feet in ome year for Well 16S/i7E-34R1. Water levels then
remained approximately level for about 2% to 3 years until 1944 or
15845,

Beginning in mid 1944 or early to nid 1945, a second sustained
rise in water levels for wells alonmg the All American Canal near Drop 4
and westward to the East Highline Canal is then recorded in the hydro-
graphs. This rise occurred prior to the increase in seepage losses from
the All American Canal which began in 1946 (Plates 10 through 13). The
inecrease in seepage loss occurred at approximately the same time as a
slight increase of inflow in the All American Canal in 1946, This rise
also occurred in four wells (15S8/1BE-14R1 and 16P1, and 16S/19E-5M1 and
17R1) along or near the Coachella Canal in 1945 as a result of Inflow
in, and seepage loss from, the Coachella Canal beginning in 1944.
Therefore, the second rise wmay reflec} the combined contribution of
seepage losses from both canals to wa£er levels along the All-American
Canal. Water levels from this sustained rise eventually rose as mich as
10 to 40 feet in wells 158/16E-14R1 and 16P1, 16S/1BE-35P1, and 165/19E~-
5M1.

Notes on several hydrographs indicate that the U.S. Bureau of

Reclamation raised the level at a pond at Drop 4 (All American Canal)
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one foot on July 10, 1944. This corresponds to the beginning of the
sustained rise in levels observéd on the hydrographs. This may also
have contributed in part to the rise in wateér levels locally. The exact
location and the dimensions of this pond are not indicated on the
hydrographs.

The maximum annual rate of rise varied from less than one foot
per year to as much as 10 feet per year. Some of the rises are very
rapid and abrupt on the hydrographs. TFor example, water levels in wells
in Sections 30, 31, and 32 in T16S, RI19E rose 15 feet or more in a time
span of only a few months in 1948. This time corresponds to the maximum
rate of increase in seepage loss.

According to the U.S. Bureau of Reclamation (1974), the rate of
rise of the water table during early use of the Coachella Canal in East
Mesa varied from 4.3 feet/year in the southeast to 0.25 feet/year on the
west.

This rise along the canal alignment appears td have then stabil-
ized in the late 1940's or early 1950's, as sﬁown on Plate 10. This
indicates that the mound of ground water bemeath the All American Canal
may have reached the canal bottom. TEE gradient of the mound adjacent
to the canal then decreased and seepaée decreased., Water levels along
the canal either remained relatively level or only gradually increased
thereafter. Water levels then rose progressively farther northward in

the study area until they stabilized around 1965 (Plate 13).
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Water Level Rise, 1940-1982

Only a few water level measurements are available for wells
dutring the period of initial service of the canal in 1940 to full
service in 1942. Data are available for only 19 wells for the years
1940 to 1942. Of this total, 16 wells are lccated between the East
Highline Canal and Drop 4. The remaining three wells with data, all
along the All American Canal, are Gorden's Well (16S8/19E~36F1), Midway
Well (168/18E-35P1), and Well 16S/17E-34R1.

Data for these three wells indicate a significant rise in the
water levels between 1940 and 1942, For Gordon's Well, Midway Well, and
Well 168/17E-34R1, the rise in levels was about 13 feet, 10 feet, and 19
feet, respectively. If this is combined with the rise between 1942 and
1982, the total rise near Cordon's Well, Midway Well, and Well 168/17E-
94R1 has been about 60 feet, 53 feet, and 4B feet, respectively, since
1940. Water levels along the canal reached their highest elevation in
about 1951 with essentially neo change since that time.

The rise in water levels progressed gradually away from the
canal. The data indicates that levels for wells three miles away from
the All American Canal began to rise about 1942 and reach their peak
between 1960 and 1965. Water levels six and nine miles north also had
their maximum rate of increase prior to 1965.

The total rise in the ground water table between 1942 and 1982,
as a result of canal seepage, is presented on Plate 14, Rise in Vater

Levels, 1942-1982., The rise in the ground water table was determined
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from the hydrograph data and from overlaying the 1942 and 1987 contour
maps.

Analysis of the data indicates that the greatest increase in
water levels occurs in three general areas. The most extensive area is
the northeastern quarter of the study area where water levels have risen
between 40 and &5 feet. This is apparently the result of significant
seepage from the unlined Coachella Canal. The second area is in the
vicinity of Midway Well and Experimental Farm No. 2 where water levels
have risen 40 feet or more. The maxXimum rise in this area is about
49 feet. The third and smallest area occurs at the junction of the
Coachella and All American Canals. Although the area 1s small, between
50 and 58 feet of rise has been recorded.

The rise in water levels decreases generally freom about 40 feet
in the east to less than 10 feet near the East Highline Canal.

SPECIFIC YIELD

General

The specific yield of deposits underlying East Mesa was deter—
mined utilizing the method developed by the Califormia Division of Water
Resources (1934). As a tesult of theér studies, which consisted of
experimental work (laboratory testings and subsurface studies, the
Department assigned values of specific yield for various types of
2lluvial deposits. Theée values varied from 3% for clay to 26% for

coarse and medium sand and fine gravel.
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Well logs for about 43 wells in the study area were selected and
reviewed to estimate the averagé specific yield of deposits at that
locality. Thicknesses of the different materials were determined and
then multiplied by the assigned specific yield values. The average
specific yield was then calculated for the entire column of deposits.

Calculated Specific Yield

The average specific yields calculated from selected well logs
are shown on Plate 14. The range of values varied from about 4% near
the East Highline Canal to 25% which occurs mainly along or adjacent to
the Coachella and A1l American Camals. The average specific yield for
shallow deposits im the study area is 21%. The lower specific yields
are primarily found in the westernmost portion of the area. The low
specific yields here are associated with the Cahuilla lake beds (clay)
at the surface and in the subsurface and varied from 4 to 117%. The high
values are found elsewhere in the study area and are associated with the

coarser grained deposits.

POTENTIALLY RECOVERABLE WATER

Computation of the "potentially recoverable”" ground water in the
study area was based on the change in’storage methodology utilized by
the State Water Rights Board in the S;n Fernando Reference (City of Los
Angeles vs. City of San Fernando, 1962). This methodology is incorpor-
ated into the following discussion. We have defined “"potentially
recoverable” as that total increase in quantity of water in storage

which could theoretically be pumped given a sufficient areal coverage of
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wells. The actual amount recoverable would depend on a number of
factors, including the number of wells, location of wells, the rate and
duration of pumping, and when the pumping is initiated.

The deposits underlying the study area are discontinuous and
vary from locality to locality. In additiom, the accuracy and quantity
of water level and specific yield data vary between localities. There-
fore, the guantity of potentially recoverable ground water was deter-
mined for separate subareas rather than for the whole area, The sum-
mation of the potentially recoverable water for these subareas is then
equal to the total for the East Mesa study area.

Eleven subareas were selected and are shown on Plate 14. These
areas were primarily selected on the basis of similar specific yields.
The potentially recoverable water was determined by multiplying the area
(determined by using a planimeter) of a comparable rise in the water .
level by the total average rise in the water level within that specific
area. These values were than summed for the subarea. The resulting
volume of saturated deposits was then multiplied by the average weighted
specific yield for the subarea. This value of specific yield is shown
on Plate 14 and in Table 2. ,

The total 'potentially recovegable" vater from the study area
based on increases in ground water storage since 1942 is approximately
700,000 acre~feet. This could be considered a minimum recoverable
amount as this calculation does not consider the increase in ground

water storage between 1940 and 1942 along the All American Canal.
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Table 2
Summary of Potentially Recoverable Water
Potentially
Average Recoverable
Subarea Specific Yield (%) Water (A-F)
1 8 4,000
2 22 25,000
3 21 43,000
& 24 51,000
5 25 82,000
6 20 77,000
7 23 116,000
8 19 48,000
9 18 59,000
10 | 25 118,000
11 18 77,000
Total 700,000 A.F.
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AQUIFER CHARACTERISTICS

Previous Well Tests

Pumping test data are available for 11 wells in the study area.
Most of this information is from studies performed by the U. 8., Geo-
logical Survey (Loeltz, et al, 1975). One well, 155/18E-~15M1, just
north of the study area, was included to provide information in that
general area. The available test data are presented in Table 3 and

include: well number, date of test, type of test, interval tested,

yleLd, drawdﬁﬁn;“Sﬁétific—tapacttyr“zn&ﬂmnqﬁnniktransmisaibiiity. Nes
all of this information is available for each well. This table also
includes estimated yields for two artesian wells (158/16E~-36EL and

}65/16Ew1B1) Jocated near the East Highline Canal, west of the Cali-

patria Fault.

Of the 11 wells with aquifer test data, nine are located along
or near the All American Canal (17S/17E-3Cl, 443 and 4Bl; 165/18E-32R2;
165/19E-32G2, and 36P1; 165/20E-31K1; and 178/20E~4D1), two are located
along the unlined Coachella Canal (155/18E-15M1 and 16S8/19E~-11D1}, and
one well (15S/17E~19E1) is located at the Holtville Airfield. Well
165/20E-31K1 is also adjacent to the goachella Canal, near Drop 1.
Wells 16S/18E-32R2 and 178/18E-4A3 and 4Bl, are located next to Drop 3,
and Well 17§/17E-3C1 is adjacent to Drop 4. Aquifer test data are not

available for the central portion of the study area.

N\
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Table 3

Aquifer Tests

brawdown
Recovery
Artiesian, yield estimated

= =
g o

l Interval Specific Computed
pate of Type of Tested iield Drawdovwn Capacity Transmissibility
] Well No. Test Test (£ft.) {gpm) (£fr.) (gpm/ft.)} (gpd/fL.})
T
155/16E~36E1 1961 50 (A)
I 158/17E~19E1 8~3~81 240-360 3,000
155/18E~1541  5-10-63 R 309“8?& 1,000 20 50 220,000
I " D 309-894 1,000 26 50 220,000
1657160 =1BT——197kF " B 7Y T ———
l 16S/1BE~32R2  6-29-64 R 140-630 900 21 43 140,000
I 165/19E-11D1  5-14-63 R 300-610 930 24 . 41 240,000
C~32G2 1958 69-273 1,350 R .
i -36P1 1951 100-228 80 105 0.8
165/20E-31K1  5-2-62 R 340-5610
] 51.0-520 1,035 12 85 850,000
l 340410
§=2-62 b 510~520 1,035 12 85 880,000
l 1964 1,000
175/17E-301 1948 0-105 600
' 175/18E~4A3 1952 179-195 ¢ 130
38-60
l -482 1967 65-86 280 Lh 6.4
122-173
I 212-293 f
178/20E-4D1 12-2-76 D 323-544 2,875 55 52

\
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Data for two wells (155/18E-15K1 and 16S/20E-31K1) are for both
drawdown and recovery tests, two wells (165/18E-32R2 and 165/19E-11D1)
have data from recovery tests and data for Well 178/20E-4D1 were for a

drawdown test. It is not known what type of tests were conducted for

F

the Temalning wells. Mostoithe teervats-tested-were-between—depihe

of about 100 feet and 630 feet. The deepest interval tested was to a

depth of‘89#‘faet?”and—the“shaiiﬁwesﬁmwaa—&ess»than~100—feat.

Well Yields

seven”uf“the*welis*had*yieids—heﬁweeaméﬂgwan6—17350mgpm,mth:en

had yields between 80 and 280 gpm, and two had yields of 2,875 and 3,000
gpm. The wells adjacent to the Coachella Canal had yields of between
990 and 1,035 gpm. Yields for wells along the All American Canal vary
from 80 gpm to 2,875 gpm. The two artesian wells adjacent to the East
Highline Canal had flows estimated at 50 and 100 gpm. The well mear
Holtville Airfield is reported to have a pumping yield of 3,000 gpmw.

In general, yields of 900 gpm or moxe are associated with depths

greater than approximately 200 feet. Yields have been as much as 600

gpm in the upper 100 feet (near Drop 4).

Drawdown and Specific Capacity
l

Drawdowns and specific capacities are available for seven wells:
155/18E-15M1, 16S/18E-32R2, 165/19E-11D1, 16S/19E-36P1, 165/20E~31K1,
178/18E-4B2, and 17§/20E-4D1. Drawdown for the wells varies from 12
feet to 105 feet, Drawdown in wells along the Coachella Canal ﬁaried

from 12 te 24 feet, whereas drawdown in wells along the American Canal
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varied from 12 feet to 105 feet (16S/20E-36P1). Specific capacities for
the wells varied from 0.8 (165/20E-36F1) to 85 gpm/ft. The latter
specific capacity is for Well 165/20E-31K1 located at the junction of

the Coachella and All American Canals.

lﬁE’sﬁEEIfIE“EEﬁEE1tTES’zIUﬂg‘thE‘Easr"stﬁe*u%MEhe-seuéy-u!eu

appear to be higher. In addition, the higher specific capaclties of 41

to 8o g$ﬁTTf“HvvEET“tU'ﬁE“a33UtTatﬁﬂ“with-u!pths*greut!m~n&nnnﬁiﬁhi-utwuuuuuuu--

The lower specific capacities of 0.8 and 6.4 gpm/ft appear to be associ-

Ml 0 M USRS DEOWGE 0 Mwhet 0 Sepmgs 0 bammasd 0 Bemous 0 Meekil 0 D 0 beeenst 0 s | Bunesl jlesems 0 gl 0 eoeil 0 el 0 beessl | e

atéd withdepths “lesy than200—feet:

Transmissibility

Values of transmissibility computed by Loeltz, et—al-(1l975)-are
available for four wells: 155/18E-15M1 (220,000 gpd/ft), 16S/18E~32R2
(140,000 gpd/ft), 16S/19E-11D1 (240,000 gpd/ft) and 16S/20E-31K1 (850,000
gpd/ft). These data are shown on Plate l4. Transmissibility appears to
be higher in the easterm portion of the area along the Coachella Canal.
Transmissibility appears to decrease in a westerly or southwesterly
direction, as well as in a northwesterly direction.

GCround water contours for 1942 and 1982 indicate that water
levels are flatter in the eastern por}ion of the area compared to the
western portion. This would indicate'higher transmissibilities in the

eastern portion of East Mesa and is supported by the geologic data

(coarse grained deposits).

N
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GROUND WATER QUALITY

General

The analysis of water quality in the study area iz based on

existing data from various sources, but primarily from the Califormnia

Vepartment 0} wWater REE0UTEes and I IS e Ioy ity SuTvey .~ WateT

quality analyses are available for about 104 wells; 47 of these wells

‘_"“”m”““""““"““_thﬁ“ﬁ6fUrHﬂU”ﬁtVEr—fTmp€rt€i*ﬁ3uﬁ‘i!r1ﬁhm&"shown-for'comparison:——?hreerﬂ—m———~————~

FETEUSET O TTEpATE s T TPt Tt Chemttat-Gharaerer—of

Ground Vater. A representative water quality analysis for water from

of the wells (155/16E-23F1, 16S/16E-IM1, and 16S/16E~35F1) are located
just west of the East Highline Canal, but are shown to provide better
coverage and to illustrate the variability in chemical character. Water
quality of selected wells is also shown om Plate 18, Water Quality

Zone A, 85~160 Feet, and on Plate 19, Water Quality Zone B, 0-85 Feet.
These two zones were differentiated based on water quality data versus
depth. These data are summarized in Table 4. Water quality data used
on Plates 17 through l§ are presented in Appendix A, Data for the
remaining wells in the study area are not provided in the appendix, but

are available for review in our supporting data files,
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Table 4 :

Water Qualitv Zone A vs. Zone B

Zome A (B5 te 160 Feet) Zone P (0 to BS Feet)
IR
Chemical Sodium Chioride 15 wells Sodium Chloride 13 wells
Character Sodium Sulphate 3 wells Sodium Sulphate 10 wells
Sodium Bicarbonate 0 Sodium Bicarbonate 6 wells
e e
pH Range: 7.& - 8.6 (17 wells) Range: 4.3 - 11.2 (27 wells)
Comon® 7.4 - B.6 Common: 6.9 - 4.0
AL W .- bl - 6.0 Louells
6.5 ~ 7.5 I well 6.5 - 7.5 5 wells
7.6 - B.& 16 wells 7.6 - 8.6 11 wells
8.7 - 9.7 o] 8.7 - 9.7 3 wells
. 9.8 - 11.2 0 . 9.8 - 11.2 L wells
TDs Range: 589 - 2860 (17 wells) Range: 250 - 2620 (27 wells)
‘ (ppm) Common: 750 - 995 9 wells Common: 434 - 787 16 wells
589 1 well 250 1 well
1270 1 well 882 -~ 1413 7 wells
1710 - 2860 6 wells 1750 - 2620 3 wells
7112 {1 well)* 7151 {1 well)*
¥ Range: 0.2 - 1.4 {10 wells) Range: 0.1 - 1.6 (22 wells)
{ppa) 1.9 (1 well)* 3.0 (1 well)*
Fi
B 0.26 and 0.46 (2 wells) 0.41 (1 well)

* pot included in the range of values.

AN
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Chemnical Character

Ceneral. Plate 17 shows the chemical character of ground water
in the study area. The information includes the cation and anicu con-

centrations in milliequivalents per liter, date sampled, depth sampled

or total dE5tﬁ“6f”WEI1K“ﬁﬁﬁ‘tnE'EtEttrttaT-cun&uctanct—iﬂ—micrumhus+emr-——----

The overall areal distribution of water quality data appears good at

ey of - i e 20 Lol Howevera-vartrribbtryede—rpparent—in—the—ehenient

character as illustrated by the stiff diagrams. Because of this varia-

bittry;—the water qua&ity—ﬁata-we1erenem*neé4EH#%4anﬂuuuhARﬁdﬂuhihuaua-....._.__
vals sampled to determine if there were different zones of water quality.

The analysis concentrated on data with known specific depths from which

samples were collected and analyzed.

Examination of the available data indicates that sample inter-
vals are known for only 45 wells. Analyses of the water quality and
perforation data indicate that ground water in East Mesa can be dif-
ferentiated into water quality zome A (85 to 160 feet depth) and & water
quality zome B (0 to 85 feet depth). The twowzcnes can be differenti-
ated on the basils of chemical character, pH, total dissolved solids
(TDS), and interval perforated as shoyn en Plates 18 and 19. Informa-
tion was available for five other wells which had very large sample
intervals or multiple intervals in these zomes. These data were ex-
cluded to reduce the possibility of analyzing data in which mixing of
ground water in the different intervals may have occurred. Two wells

(165/17E~23R1 and 165/1BE-23A2), however, were used which had two
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separate, small sampling intervals. Some data are available for a few
wells with sample intervals varying in depth from 300 feet to greater
than 7,600 feet. However, the study concentrated on only the upper

several hundred feet which was considered important to the present

study. water quality zome 4 could P ToTo i oTcyol-B ol o) oy s o= o or = oy —

information is available between 160 and 300 feet. The deeper data

(Ereater ATETTRIGLVAVIS €-T-A oS A b g i tc R Kuj Lo} L QU w1 R LoD A o2 pertorrredepreree

included in this report, but are available for review in our supporting

WSS RS ]

data Iiies.

Water Quality Zome A (85-160 feet)., Data are available for only

18 wells in Zone A. Two of these wells (16S/17E~23R1-and—165/17E~234A1)
have multiple perforated zomes. Areal distribution of the data is poor
and is mainly concentrated in or adjacent to Township 16S, Range 18E,
and near the eastern border of the study area. Two wells {168/19E-3671
and 175/18E-4K) are lecated adjacent to the All American Canal, One
well, 155/18E-15K1, is located just north of the study area but has been
included to provide coverage in that area.

The general mineral analyses indicate that ground water in Zone
A is sodium chloride in chemical charfcter. This zone is likely more
representative of the natural ground water in the study area, and
probably has not been affected much by seepagé of the canals. The
effects of the canal are, however, apparent in four wells, as the
chemlcal character of the water was sodium sulphate. The chemical

character of the Colorade River water and water in the canals is also

]
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sodium sulphate. Two of these wells (15S8/18E-15K1 and 165/19E-2K1) are
located along the old Coachella Canal (in service from 1948 to 1980),
one (165/19E~36P1) is located along the All American Canal, and one

(165/16E-12Q1) is located along the East Highline Canal. Another

analyses OL water rrom - -

character of sodium chloride.

u5T!'Uﬂ“yﬂ'fUT'ZUﬂEﬂH'ErE“av&*%dbbawée9-kFﬂntii.--ﬂhﬁ-ﬂnﬁnimau—-u-.n-.

tion indicates that the pH for ground water between depths—of-85—and- 160 e

— andl | Mmmsia ‘ » " » ' » ‘ -

|

IEEY*VEIﬂIEFiTUm“??ﬁ“tU“3T6T—3imii&?w&&%kﬁiﬁﬂﬁk%&dﬁ%ﬂ;ﬁmxaf Some

jnconsistency in the data is indicated as two different analyses per-

- ——gformed on-water samples-from-Well 165/18E~17R yielded-markedly different

pH values of 8.0 and 2.6. (The 2.6 value may be a typographical error
in the basic data).

The total dissolved solids (TDS) content of ground water iq Zone
A commonly varies from 750 to 995 ppm, based on water samples for nine
wells. The TDS of a Colorado River water sample in 1981 was 798 ppm for
comparison. The lowest TDS content znalyzed ;as 589 ppm in Well
178/18E-4K near the All American Canal. Some wells had TDS contents
varying from 1,710 to 2,860 ppm. OneJWEll, located in the northwestern
corner of the study area, l5S/16E—24Gi, had a very high TDS content of
7,112 ppm. This may be either related to evaporites associated with the

Cahuilla Lake beds or possibly associated with brine from geothermal

water.
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Again, some inconsistency in the data is present. Analyses of
water from Well 168/16E-12Ql, adjacent to the East Highline Canal
indicated a TDS content of 817 ppm for one sample and 2,549 ppm for the

second sample. Water samples from Well 165/18E-17R, in the central

il [ ] E ] S S—

portion of tHe study area; had E TDS of 892 -ppmimone-sample-and a TDS

of 1,960 ppm in the second sample,

Womwand ;T el

wells, respectively, in the study area. The concentration of fluoride— -

Tﬁé“flﬁﬁ?idﬁmﬁﬁd'bﬁroa“tonnentrationsmare—availab1e~forAlL—and~%—u——~—m

m""“vﬁrfég_ffﬁm”ﬁTQ“tOWirﬁ"ppm:-ﬂne-wti&7—iﬁﬁ+&98—%SNT~}eea£ed in-the

northeastern portion of East Mesa, had a fluoride concentration of 1.9

| ] Tl [ il amiinan ] i bty Siiiapl [

ppu 1HE'boron‘concentratiun-fvrwﬂa&is—&&&%&BE—z3A2—and—lﬁS%lQE—B&Pl

(Gordon's Well near the All American Canal) were 0.46 ppm and 0.26 ppm,

respectively.

Water Quality Zone B (0-85 Feet). Data are available for 29

wells in Zone B, including two wells which were also sampled in Zome A,
Although the distribution of data along the All American Canal is very
good (21 wells), the areal distribution for the study area is very poor.
Four wells (158/1BE~15K2 and 26R1, 165/198-5J and 15Q1) are located
along or near the old Coachella Canall(in service from 1948 to 1980),
one of which is north of the study area. This well, 155/18E~15K2, has
been included to provide additional coverage. Two wells (158/16E~24G2
and 36E1) are located along or near the East Highline Canal. There are
only two wells (165/17E-23R1l and 16S/18E~23A2) with water quality

{information located in the central portion of the study area.
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The general mineral analyses indicate that ground water in the
7one B is sodium chloride (13 wells) and sodium sulphate (10 wells) iIn
chemical character. Eight of the wells with sodium sulphate water are

located along the All American Canal and two are located along the

Toachella vanal. e ottt b bt Ot ool i rmson-smmsmsncemesmsnn

(sodium sulphate water) on ground water alomg the canal. = Six wells,

Tive along thé ALL ﬂmEfﬂEﬁT1EﬂHﬂFﬂu&“GﬁeMﬁhHﬁ?ﬂﬁﬂh4kﬁﬂhﬂighﬂiﬂﬂ~ﬂﬂﬂﬂ]

are sodium bicarbonate in chemical character.

tion indicates that ground water between depths of 0 and 85 feet iz more

1
B MEE B B I My WS B N wae ol ) VOIS iy byl M M Baw

variable 1w pH in contrast-to—themdeepeerene~Av—~The_pHmia_nnmmonly 6.9

to 9.0. The Colorado River water in the canal has a pH of 8.1 for
comparison. The range in pH values is greater in Zone B than the deeper
Zone A, varying irom as acidic as 4.3 to as basgic as 11.2. The pH of
4.3 occurs in Well 168/17E~23R1, located adjacent to Interstate 8.7
Ground water in six wells adjacent to the All American Canal is also

slightly acidic, varying from 5.8 to 6.9. The rather high basic water

occurs in five wells along the All American Canal and varies from pH 9.0

to 11.2.

/

The total dissolved solids coﬁtent of ground water in the
shallow zone, available for 28 wells, commonly varies from 434 to 787
ppm, and is lower than the deeper Zone A. The range of values is the
same as zlong the All American Canal. Colorado River water in the All

American Canal has a TDS of about 798. The lowest TDS analyzed was

N



E-83066 Page 44

250 ppm in Well 178/19E-6B1, along the All American Canal. TDS values

as high as 2,080 ppm occur along the canal,
" Two wells, 158/16E~24G2 and 165/17E~23R1, had TDS contents as

high as 7,151 and 2,620 ppm, respectively. The TDS conteat in Well

_ﬂﬂ_—m

155/ 16E—24G2 18 equivalent TR AT IO TR oL s ol s W= VR Loy B L=t e oy

the deeper zone. This high value may be due to evaporites in the

Cahuilla lake beds, brine LIOWR geotnermzt‘w3tErs7—Ur—mfzing-of—weterenéu--nu———

the two zones during sampling. The de&per Wwell (24G1) may also be per=—————""

The fluoride and borom concentrations arte available for 23 wells

and one well, respective1yT““ThE—fTuuriﬁE“tnntentration-v&fies—éfem 01
ppm to 1.6 ppm, comparable to Zone A, but the concentration in Well
155/16E-36E1l, adjacent to the East Highline Canal, was high (3.0 ppm).
The boron concentration for Well 16S/18E-23A2 was 0.41 ppm, comparable
to the very limited information available for Zone A.

HYDROLOGY

WATER SUPPLY

The source of water supply to the ground water reservolr in the
study area is primarily derived from feepage from the canals. Precipi-
tation 15 not considered a significant source of recharge in the desert
environment. Records of the El Centro Statiom indicate an average
annual rainfall of 2.3 inches. Due to the arid conditioms and soil

moisture deficiencies, virtually no rainfall would reach the ground

water reservoir.
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Canal Seepage

The total addition to ground water from canal seepage in the
Fast Mesa study area was estimated from seepage data obtained from the

1.I.D., Loeltz, et al (1975), and Loeltz and Leake (1977). Data avail-

able ror the ALl Americaﬁ“53E't3!EHE!tz'EEﬂ!&!'w!TE*EU!-!hu-puwi-i-miﬂﬁﬂuuu---u-

to 1976 and 1944 to 1976, respectively. Data between 1944 -and 1949 for

" half of the water delivered to the canal;—The data were extrapolated—

the woachella LaﬁEI'wETE'E!t:mETEd*by“ﬁUu&fz*an&u&eeku-éiﬁﬂi)-n.-nnn-

1976 through 1980 for the Coachella Canal. This analysis included data

for only thoéé‘pdrttﬁﬁs'nf“thE“tanais—withiﬁﬂ@hews%uéy—aiaa Sacpagse
data for the 50 mile length of the Coachella Canal were reduced to 26%

of the total for the 12 mile length of the canal In the study area. The

seepage losses from the All American and Coachella Canals, and the

combined seepage loss, are j1lustrated on Plates 10 through 13.
The seepage losses for the All American Canal (Drop 1 to East
Highline) from 1942 to 1982 were estimated to be 2.2 million acre—-feet

(AF) and 1.2 million acre~feet for the Coachella Canal from 1944 to

1980.

Water Disposal

outflow or loss of ground water in the East Mesa study area

occurs both at the surface and in the subsurface. Losses which occur at

the surface are primarily in areas of shallow ground water along the All

American Canal. In these areas, loss is attributed to evapotranspiration
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by phreatophytes and surface evaporation. Losses which occur in the

subsurface are due to subsurface flow to Imperial Valley and to Mexico

and to inflow into a portion of the East Highline Canal.

Evapotranspiration

The snallow ground water BT o T N a L T T T s am—

growth of phreatophytes along portions of the north and south sides of

" American Canal, shows the 1

the ALl american Ganal. Flate 2V, wEREre-g T ror iy te-Groreihry-irtd

ocation of the phreatophytes and the shalYow

review of photo strip maps flown in 1977 and 1978 along the canal and

one landsat photo. Dépthg To WATET MEZsUTENRNLS were—obtained—from-ene— -

of our previous studies in the area.

The two principal areas of growth along the canal occur between
the East Highline Canal and Drop 4 and midway between Drops 3 and 4.
Smaller areas of phreatophyticuéfgaih‘Qccur near Experimental Fa?m

¥o. 1, one mlle east-southeast of Midway Well, and south of Gordon's

Well. Depths to ground water beneath these phreatophytes are 16 to 20

feet or less.

The total consumptive use of yater by the phreatophytes along
the All American Canal was estimated by determining: 1) the area in

acres of phreatophytic growth, and 2) the annual water use by the

phreatophytes as a function of depth to ground water. Curves developed

by Anderson (1976) were utilized to determine the consumptive use. The

total area of phreatophytes along the canal is approximately 2,000




o
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acres. Using the water use curves, based on average depth to water for

each area, the total consumptive use by the phreatophytes is approxi-

nately 12,600 acre-feet per year.

This estimated amount of consumptive use by phreatophytes is

propab.ly conservative,

the data used. Observation of the phreatophytic growth during-our 1980

tranﬁmmrwmm

" yndicated that significant Evaporation is occurring “fromthefeaves of

In addition, the actual evaporation may also be higher. Evapora-

¥FIom LS occurring“frum"timrtmmﬂmrwhere—the—waﬁefweﬁr%eeeuie—uiihd-dudhnﬁ_.....__.

feet of or at the ground surface. At times a power line service road

between Drops 3 and 4, about omne mile north of the canal has reportedly

had several inches of surface water over it.

. UNDERFLOW

Loss to Central Imperial Valley

Ground water movement in the study area is generally east to
west towards the East Highline Canal and Imperial Valley. Much of the
water added to ground water by canal,feepage will eventually underflow
into the Central Imperial Valley area.to the west. The water level data
suggest that most of the change in ground water storage occurred prior
to 1965 and that contributions to ground water since that time have left

the East Mesa area as subsurface flow. This quantity is estimated to be
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as much as 1 million acre-feet, based on the approximate cumulative

Josses of the canals from 1965 to 1982 and on the slope of the water

table.

The U. S. Bureau of Reclamation (1974) predicted that water

.

levels in East Mesa would decline O S U T EEr T D —

northeastern portion) to 5 feet or less (in the southern and western

reduction in ground water recharge by canal seepage.

portions) following Tining of Lhe voacnella tanal ang cae rETTTTINY

i i

With the creation of the ridge of water beneath the All American

Canal shortly after operatlons began, ground water s moved—southwar da—rm——
across the border into Mexico. Of the estimated 2.2 million AF of water
lost by the All American Canal within the East Mesa study ares, approxi-
mately one-half (1.1 million AF) or more has been added to storage in
Mexico or been used in Mexico. vgééﬁéé;wloss and resulting grdun& water
movement is assumed to be equal for ground water moving both mnorth and
south away from the caﬁal. An additional unknown amount may also be
moving annually into Mexico through the apparently high permeable zone
east of Drop 2. ,
Limited information was available on water levels in Mexico. An
examination of available data suggests that water levels in Mexico may

have risenm as much as 39 feet south of Drop 1 but with no change near

the Alamo Canal between 1939 and 1976.
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There is a strong possibility that the pumping of ground water
by Mexico in Andrade Mesa and Mexicali Valley would substantially affect
water levels in East Mesa. A study of future development of aquifers in

Mexicalli Valley by the Secretaria de Recurses Hidraulicos (1968) indi-

cactes at water leve a.lon

feet near the East Highline Camal, and 23 to 39 feet ned@r DIop 1. This

qecline would oe WW

“"miies southerly of the border. This 1968 &tudy considered & vage pertvd— "

19 feet in the north-central portion of the East Mesa study area.

Eaecline HE“EﬂEﬁT‘gTUﬁﬁCEﬂJﬁT1ﬂﬂﬂfhﬂ;ﬂhr%hﬂEhﬂ!r"Eﬂﬂié-aéﬁcoih———-———u-—
conditions in East Mesa, primarily in two ways. A substantial decline

would change the gradient of the water table in East Mesa from east to

west to northerly to southerly. Ground water movement would then be

rgm East Mesa southﬁards into Mexico over a much greater area. In
addition, ground water level declines beneath the All American Canal
could induce additional seepage out of the canal and thus additional
seepage loss to Mexico.

1055 to Bast Highline Canal

A short portion of the East Highline Canal and/or the drain
system appears to act as a partial drain for ground water in the north-
ern portion of the East Mesa study area. Ground water movement is
generally westerly towards the canal. Water levels in this area are

higher than the invert of the canal (Plate 16), and are likely higher

=
=
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than the water surface in the canal, Ground water is therefore ianter-
cepted by the canal and/or drains, flows into the canal and then 1s
diverted northwards as well as westward by lateral canals and drains.

Change in Storage

A§“ﬁf3EU§EEU'pTEVTBﬂﬁt??'EHET!-ﬂ!S*bEEn-aw~*ﬂereuse-bn-gma-i-n--nm-u--

water storage in the East Mesa area of about 700,000 acre-feet, The -—

PrEETEET mquﬂuﬁm—————-

1evels have risén 40 feet or morel

The data utilized in the preliminary evaluation of the potential

for T@mxnmnjwtiwgrnund—wa%e!—in-%he-Eeo&4Qyab4nxny4uutgun;uaifnxml¥

i
i

ll.q - | au a l‘il E N B e

distributed. Some of the data has questionable validity. In order to
extend the area of information to verify the validity of recovering
water, particularly from a water quality standpoint, and to provide
jnformation mecessary for design of a well field, the following recom-
mended program should be considared;

TEST WELLS

A series of test wells and observation wells should be con-
structed along the All American Canal; We recommend a minimum of four
test areas. These would include the érea of the probable old river
channel near Drop 2, the area near Drop 3, the area near Drop 4 between
the Calipatria and Brawley Faults, and the area west of the Brawley
Fault. An additional test area where information could be relative to

boundary effects of the faults would be adjacent to the Calpatria Fault.
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The test wells should be constructed to a depth of about 200

feet. Detailed lithologic logs should be obtained during drilling as

well as geophysical logs. The geophysical logs should Include resis—

tivity, spontaneous potential and gamma to assist in precisely locating

TithoLlOgiC changes T N T A T o o o e 3 ooy B

Samples of the formation should also be obtained for grainm wize analysis e

for use 1mmﬁvﬂm———_

An aquifer test should be perfoimed Utilizing THE TEST wells amd

would provide needed information on well yields, aquifer characteristics

or uge In produ ;

ground water storage, and variability of aguifer characteristics across

- m“ =

Fast Mesa.

WATER QUALITY

+

The existing water quality data does not have complete areal
coverage of the East Mesa Area, and.some inconsistencies in the data
exists. A program of fesampling and analysis of water from available
wells in addition to comstruction of new well points for sampling would
provide information on the current wa}er quality.

The quality of the potentiall§ recoverable water could impact
the quality of the canal water used for irrigatiom. The affect of
dilution could control the rate of recovery of ground water added to
canal water. A study of resulting canal water quality under various

pumping schemes should be performed by a geochemist or an agronomist.

=
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CYCLIC FLUCTUATIONS

The cyelic fluctuations of water levels along portion$ of the
canal could indicate increased seepage losses during peak flow in the

canal. A more detailed study of this phenomenon should be made to

77"

I

evaluate whether selective 1lining of the canal embankmen

ficantly reduce seepage losses.

CROUND WATER MODEL

model.

" The East Mesa Area appears to be ideal for use of a ground water

be available to verify the model using the aquifer characteristics

developed from the test well pf5ETEﬁ?““TﬁE‘ﬁﬁﬁﬁtﬁﬂﬂfﬁfﬂﬂnﬂrimrnsad e
evaluate the impact of various water level recovery schemes.
CONCLUSIONS
The hydrogeologic investigation of the East Mesa area has

included the analysis of well log, hydrégééﬁﬁ, well test,'éhéfground

water quality data. Analysis of these data indicate the following
conclusions.

1. Seepage from the All American and Coachella Canals
since their initial operafion has been a major contri-
butor to ground water in the study area. Some seepage
has occurred from the East Highline Canal, but it
apparently is not as significant as the other two

canals, due to the presence of lower permeability

materials.
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9. The total smount of seepage from the All American aﬁd'

Coachella Canals in the study area has been approki—

mately 3.4 million acre—feet;

3, Water levels have been significantly affected by this
seepage. Water lmM;W

feet from 1942 to 1982, and as much as 60 feet In ome

L
wels from 194U tO LiGL. lheW

levels has occurred alomg the All American Canal where

canal. Although a ridge is not evident beneath the

toachella Lanal, waEE?”IEﬁE13P1ﬂfTﬂE“ﬁUrtﬂE2EfETE""""""'""H‘H-

portion of the study area have risen 40 feet or more.

4. Most of the ground water along the All American Canal,

from Drop 2 to the East Highline Canal, is above the

invert of the céﬁal énd is in ﬂ&ﬁraulic connection
with the cgnal water. East of Drop 2, ground water
along the canal is generally below the invert of the
canzl and is not in direct hydraulic connection with
canal water. ,
5. The movement of ground water is generally from east to
west in the study area. Adjacent to the All American

Canal, however, ground water movement is northerly to

Fast Mesa as well as southerly towards Mexico.

|
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The specific yield of shallow deposits in the study

area varies from 25% in many portioms of the area to

Bk e N e
[= )
.

ag low as 4% in the west. There appears to be both a

general decrease in specific yield and transmissi-
. R AT
bility from east to west.

7. Based on average specific yields and the rise in water

R SR A
levels, the total "potentially recoverable' water in

the study area is estimated to be 700,000 acre-feet.

8, The ﬁotéﬁtial'éﬁﬁﬁaiﬂﬁﬁwﬁagé and duration in years o

such pumpage was not determined during this study.

T

Many variable factors, such as location of pumpage,
number and spacing of pumping wells, impact of pumping
on ground water quality, impact om induced canal

seepage, and impact of using retrieved water as

}

jrrigation water, still need to be addressed firéf.
9. The Calipatria Fault acts as a barrier or partial
barrier to ground water movement. The difference in
1942 water levels on either side of the fault is as
much as 10 feet. There if some suggestion that the
Brawley Fault may also act as a barrier, but this’

cannot be documented at this time,
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present beneath the All Americanm Canal. This zone

] 10. A zone of highly permeable deposits is apparently

south into Mexico. This zone may be a buried channel

of tne anceslira:s Lolorado .

T37, Previous well tests in the study area indicate well

"“"””““““'“"""'“'“"""'“?IETaE“sT'sEfwssﬂ"S5'3ﬁﬂ'3:UUU-gpm7-rzemus-ueeu!nneue---------
l—“.' upper 200 feet vary from 80 to 600 gpm, and speciiic

12. Water quality analyses indicate that shallow ground

TR o) o1 T=F R o T T AV Te ) = T ot VS i i e Lot ——
inte two water guality zomes (85 - 160 feet and 0 - B5 _
feet) based on chemical character, pH, and total

dissolved salids.

i
v

13. The deeperiiaﬁé is more reprg;éafativa of natural
ground water and is primarily sodium chloride in
chemical character, has a pH commonly varying from 7.4
to 8.6, and a TDS commonly varying from 750 to 995
ppm. The shallower zone Pas been affected by canal
seepage and is sodiunm chléride to sulphate in chemical
character. The pH commonly varies from 6.9 to 9.0 and

the TDS content commonly varies from 434 to 787 ppm.
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14. Ground water in the study area has been and is being -

lost by: underflow inte central Imperial Valley and

into Mexico, evapotranspiratiom, and draining Into the

’ East Highline Canal.
O T

15, Partial lining of the All American Canal could be

I expected to have a similar affect on reducing seepage
S L

loss and lowering ground water levels as did the

l lining of the Coachella Canal,

- 16..‘Pﬁmping south of the border could increase gfédﬁ;'

water movement into Mexico, decrease the amount of

recoverable water in the study ares, and induce ad-
ditional seepage from the All American Camal.
17. A program of recovering ground water in the study arez

is considered feasible but should include further

i

study on ground water quality.

. . o o

MM R MM W DN G el Mo e O ey
-




E-83066 Page 57

BIBLIOGRAPHY

Anderson, T.W., 1976, "Evapotranspiration Losses from Flood-Plain Areas
l in Central Arizona", U.S.G.S. Open File Report—76~864+— - - S—

Arizona Resources Information fystem Cooperative Map, 1975, "Evaporatien

and Evapotramspiration”, Publication No. 5.

Blaney, Harry F., and Hansom, Eldon G., 1965, "Consumptive Use and Water

Requirements in New Mexico", Technical Report 32+

L—mddm.’ " 1t

tion, Cottonwood Wash, Arizona", and Bramson, F.A. & ARO, R.5.,

o § e —pitha” Section on-Vegetation, Ceoctogical-Survey-WatermSupplym e
Paper 1858.

Bradshaw, George B. and Donman, William ﬁ;, i952,."Croﬁnnlhétéfﬂhnégéf:i
gations of Imperial County, California", U. S. Department of
Agriculture, Soil Comservation Service, Research, Unpublished.

Bradshaw, George B, and Donnan, William W., 1952, "The Effect of Earth-
quake Waves on Artesian Aquifer", Division of Irrigation Engi-
neering and Water Conservatiom 5.C.5.%., U.S5.D.A. ’

Brown, John S., 1920, "Routes to Desert Water Places in the Salton Sea
Region, California", U.8.G.S., Water Supply Papét 490-A%

California Division of Mines and Geology, 1963, "Exploratiomrand—Devel
opment of Geothermal Power in California", Special Report 75,

California Diviesion of 0il and Gas, 1974, Yoalifornia 01l and Gas
Fields", Volume II.

California Division of 0il and Gas, 1964, "gxploratory Wells Drilled
Outside of 0il and Gas Fields in California".

California Division of 0il and Gas, 1982, "0il and Gas Prospect Wells

/s

Prilled in Califormia through 1980", Publication No. TROL.

California Department of Public Works, Division of Water Resources,
1954, "Ground Water Occurrence and Quality, Colorado River Basin
Region', Water Quality Investigations Report No. 4,

California Department of Water Resources, 1957, "Water Supply Conditioms
in Southern California During 1955 and 1956", Bulletin Wo.

39-56.

Ed D e DA e ey bl el B et eees Nl




E-83066 Page 58

California Department of Water Resources, 1958, 'Water Supply Conditions
in Southern California During 1956 and 1957", Bulletin No.

39-57.

California Department of Water Resources, 1960, "Water Supply Conditions
in Southern Califormia During 1957 and 1958", Bulletin No.

! 39-58.
AT SIRSSESE— L SRR

California Department of Water Resources, 1961, "Water Supply Conditions
in Southern California During~1958 and 1959", Bulletin No. — -

39-59.

AT
TR S ————
California Department of Water Resocurces, 1961, "Water Supply Conditions
in Southern california -Durimg—1959-and 1960"; -Bulletin—Neow
39-60.

T

California Department of Water Resourcés, 1963, "Vegétatiﬁé Water Use
Studies, 1954-1960", Bulletin No. 113,

"

Cattformia—D
in Southern California During 1960 and 1961", Bulletin No.
39-61.

California Department of Water Resources, 1964, "Coachella Valley
Investigation', Bulletin No. 108.

California Department of Water Resources, 1964, "Water Supply Conditioms
in Southern California During 1961 and 1962", Bulletin No.

39-62.

California Department of Water Resources, 1965, "Hydrological Data:
1963, Volume V: Southern California", Bulletin No. 130-63.

California Department of Water Resources, 1966, "Hydrological Data:
1964, Volume V: Southern California", Bulletin No. 130-64.

California Department of Water Resources, 1967, "Hydrological Data:
1965, Volume V: Southern california™, Bulletin No. 130-65.

California Department of Water Resources, 1968, "Hydrological Data:
1966, Volume V: Southern California", Bulletin No. 130-66.

California Department of Water Resources, 1969, "Hydrological Data:
1967, Volume V: Southern California™, Bulletin No. 130-67.

California Department of Water Resocurces, 1970, "Geothermal Wastes and
the Water Resources of the Salton Sea Area', Bulletin No. 143-7.




E~B3066 Page 59

California Department of Water Resources, 1970, "Hydrological Data:
1968, Volume V: Southern California", Bulletin No. 130-68.

California Department of Water Resources, 1971, "Hydrological-Pate:
1969, Volume V: Southern California", Bulletin Ne. 130-69.

California Department of Water Resources, 1972, "Hydrological Data:

‘- ————@Galifornia Department of-Water Resources,-1973, "Hydrological Data: .
1971, Volume V: Southern California", Bulletin No. 130-71.

California Department of Water Resources, 1974, "Hydrological Data:
'""""”" 1972+ Volume V:-Southern —California,~Bulletin No . J30mlid

co = 0 Dy g m

an Investigation of the Dunes Thermal Anomaly, IDeT a1 Valley, i
California.

i . 1975, "dv .

1973, Volume V: Southern Californiza", Bulletin No. 130-73.

[ 2]

California Department of Water Resources, 1975, "Yegetative Water Use in
‘ California, 1974", Bulletin No. 113-3.

California Department of Water Resources, 1976, "Hydrological Datar
1974, Volume V: Southern California™, Bulletin No. 130-74.

California Department of Water Resources, 1977, "Hydrological Data:
1975, Volume V: Southern California”, Bulletin No. 130-75.

Coachella Valley County Water District, 1969-1970 (Fiscal Year), "Annual
Review'".

Colorado River Litigation Office, Superior Court of the United States,
1957, Reporters' Transcript, State of Arizona vs. State of Cali-

fornia, et al, Vols. 50-52, pp 7919-8405.

Colorado River Litigation Office, Superior Court of the United States,
1958, Reporters' Transcript, State of Arizona vs State of Cali-

fornia, et al, Vols. 128-129, pp 21,713 - 22,113,

Dutcher, L.C., Hardt, W.F., and Moyle, W.R., Jr., 1972, "Preliminary
Appraisal of Ground Water Storage with Reference to Geothermal
Resources in the Imperial Valley Area, California", U.S. Geo~
logical Survey Circular 649.

HE TN T Il EE TE BE B R EN e




E-83066 Page 60

Ebert, F.C., 1921, "Records of Water Levels in Wells in Southern €ali-
fornia”, U.5.G.S. Water-Supply Paper 468.

Gatewood, J.S., Robinson, T.W., Colby; B:R., Hem, J.D., Halpenny, L.C.,
1950, "Use of Water by Bottom Land Vegetation in Lower Safford
Valley Arizona", U.S. Geological Survey Water-Supply Paper 1103.

H] . El
Problems", Environment Quality Laboratory Report No. 5.

Hely, Allen G. and Peck, Eugene L, 1964, "precipitation, Runoff and

"

Geological Survey Professional Paper 486-E.

Irwin, George A., 1971, "Water Quality Data for Selected Sites Tributary
- ; - " " N 1) _ et

Ban ment o H . (3

Geological Survey, Water.Reééﬁicéé‘bivision.

Jackson, David D., 1981, "geismic Geodetic Studies of the Imperial
Yatl £ H 3 {

Yo

r—

more Laboratory, Purchase Order 8335 303.

Layton, D.W., 1978, Water for Long-Term Geothermal Energy Production in
" the Imperial Valley, Lawrence Livermore Laboratory, UCRL-52576.

LeRoy Crandall and Associates, 1982, "Availability of Ground Water in
Amos Basin, Imperizl County, California”, Job No. E-81302.

LeRoy Crandall and Associates, 1981, "East Mesa Segment and Portion of
Sand Hills Segment Proposed ‘Imperial Valley-Colorado River 500
KV Transmission Line, Imperial Valley, California, for the San
Diego Gas & Electric Company", Volumes I and II, Job No. ADE-~

80269.

LeRoy Crandall and Associztes, 1930, "Report of Geotechmical Investiga-
tjon, Proposed Class II-1 Waste Disposal Site, Westmoreland
District, Imperial Valley, C%}ifornia”, Job No. AE-79259.

Loeltz, 0.J., Ireland, B.. Robinson, J.H., and Olmsted, F.H, 1875,
"Geohydrologic Reconnaissance of the Imperial Valley, Cali-
fornia", U.S. Geological Survey Professional Paper 486-K.

Loeltz, 0.J. and Leake, $.A., 1977, "Relationship between Development of
Drop 1 Well Field and Seepage from the All American Canal,
Eastern Imperial Valley, Califernia", U. S. Geclogical Survey.




E-83066 Page 01

McCawley, F.X., Cramer, $.D., Riley, W.D., Carter, J.P., Needhanm, -P.B.,
Jr., 1981, "Corrosion of Materials and Scaling in Low-Salinity
Fast Mesa Geothermal Brines", United States Department of the
T Interior, Bureau of Mines, Report -of -Investigations-8504——- - e

McDonald, Charles C. and Hughes, Gilbert H., 1968, "Srudies of Consump-
tive Use of Vater by Phreatophytes and Hydrophytes near Yuma,
A L o 2 22 =17 : 5 ) 0

nle a1 2 aneo tell

ct

Metzger, -D.G., Loeltz, 0.J.-and-Irelna, Burdge, "Geohydrology of the
Parkes-Biythe~Cibola Area, Arizona and California', Geological

B ———————————————— e el ST

ﬂafelanév—éee—Ar,-1975,MHEvaluation_ofuRanhaxgamEuﬁanzialmngar Tudio,
California"”, U.5.G.S. Water Resources Investigations 33-74.

(] Y 9

| ﬁéftoﬁ; f;KJ, 1977; Gébiogf'éﬁQuMinerar:“hm ' :
California", California Division of Mines and Geology, County
Report 7.

Olmsted, F.H., Loeltz, 0.J. and Irelan, Burge, 1973, "Geogyarofogy or

the Yuma Area, Arizona and California", Geological Survey
Professional Paper 486-H. R

Reed, Marshall J., 1975, "Chemistry of Thermal Water in Selected Geo-

thermal Areas of Califérnia", California Divisiomw of-0fl-& Gas
Publication No. TR1S.

Robinson, T.W., 1958, "Phreatophytes", Geological Survey Water Supply
Paper 1423.

Secretaria de Recurses Hidraulicos, 1968, "Complete Geohydrological
Study of the Aquifers of the Mexicali Valley, B.C. and San Luis
Mesa, Somora", Study Contract E1-68-67, Key AS~14, Volumes T,
1I, III, and Attachments 1, 2, 3, and 4.

Secretaria de Agricultura y Recurses Hidraulicos, 1982, Andrade Mesa
Study Well No. 6, Baja Califotnia.

Setmire, James G., 1979, "Water-Quality Conditions in the New River,
Imperial County, California", U.S.G.S. Water Resources Investi-

gations 79-86.

Skrivan, James A., 1977, "Digital-Model Evaluation of the CGround-Water
Resources in the Ocetillo-Coyote Wells Basin, Imperial County,
California", U.5.G.S. Water Resources Investigations 77-30.

wavsied Mol 00 Mobebtwei 00 el 0 Meaeiesdl 0 lepietal 0 e 0 Deees 0 Jemmaill 0 SR skl 0 esiieed g Siassis

=



E~83066 ﬂ Page 62

Smith, Merritt B, 1964, Map Showing Distribution and Configuratiom of
Basement Rocks in Califorria, U.S.G.S. 0il and Gas Investiga-

tions Map OM-215.

Swain, Lindsay A., 1978, "Predicted Water-Level and Water-Quality
Effects of Artificial Recharge in the Upper Coachella Valley,
i_ California, Using a Finite-Element Digital Method", U.S.G.S.
. ,

s e - fgley o Stephen J., 1971, "Anzlog Model-Study -of the Ground-Water Basin... ...
of the Upper Coachella Valley, California", U.S.G.S. Water

e e x aa "

Tyley; -Stephen J., 1973, "Artificial-Recharge in the Whitewater River
Area, Palm Springs, California", U.S5.G.8. Water Resources

on Materials Problems Associated with the Development of Geo-

thermal Energy-Systams' . 1A=18 May 1975, F1 Centro..Californis,

United States Bureau of Reclamation, 1941, Boulder Canyon Project, Final
Reports, Part IV - Design and Construction, General Features,

Bulletin 1.

|
l United States Bureau of Mines Open File Report 123-76, 1973, "Workshop

United States Bureau of Reclamation, 1974, Colorado River Basin, Salinity
l"“” S Control Projects, Title I, Coachella Canal Unit, California,
Ground-Water Hydroléegy ©f Coachella Canal Area.

United States Bureau of Reclamation, January 1972, "Geothermal Resources
Investigations”, Imperial Valley California Development Con~

cepts.

United States Bureau of Reclamation, 1977, "Drop 1 Well Field Imperial
East Mesa Project", Special Report.

United States Geological Survey, 1982, "The Imperial Valley, Califormia
Earthquake of October 15, 1979", U.S.G.S. Professional Paper

1254,
Ceothermal Wells, and 0il Tests in Imperial Valley, California",
U.5.G.5. Open File Report.

Vantine, James V., 1979, "Proposed Andre Rd. Class II-1 Disposal Site
Soils Report, SW of Westmoreland, California", Union 0il Company.

l United States Geological Survey, 1976, "Selected Data on Water Wells,
l -00o—




(W 1 TN WIN

b o

[ S

+uD

DAVIS DAM

t0 20 MILES

4

£\ ARIZONA
e . . .. 9 wm T0 30 40 30 MILES : I[— IMPERIAL COUNTY
SALTON
SEA
CALIFORNIA
SAN BERNARDINO
L
INDIO /;
e BRAWLEY rf;
SALTON e |
sea . -
| IMPERIAL IMPERIAL 4 <
; \ COUNTY pat
| - EL CENTRO ® -
i m
. f £
k ! STUDY AREA\ ALL Siiads e
t | CAUFM~ = ANDRADE _ MESB 77 ==
©3 H - S T -
# SAN DIEGO i e i e ME X1CO MEXICALI -
g ALTFORNLA Tl =777 @ MexicaLl MEX)CAL
— TTMEX1CO
PACIFIC MEX
OCEAN
M
FEASIBILITY OF GROQUND WATER RECOVERY
EAST MESA AREA
™ < J—
i LeROY CRANDALL AND ASSOCIATES | PLATE 1 l




, RITE R18 E

HOLTVILLE I . J
RIRFIELD

TIBS

CHKD.

C.E.

M.G.

DATE A-23-83 pg.

Jop _E-830e8

TGS

I A S it o e e’

' ] 1 e me AL @ ™ N
:% Sl ok Clme N . >
e Pl gl RO L gty gy - YT —— .
Fi . [#] L IS g: @ [
e & 5 g R % . . T 3 aRGs 3 [l , e ]
! u .
K * . ax
:l kl K ~I| 1 $xt
- @ ar P, @ ons LY E UM e g M o a1

ir 175 .-, ;O ¢ e e W . ffee- e N -8 3! . e

T RN

te : " ES . : A T
. Kt . % T L S b m?E&ilA 1GNAL
N T I S




! RI9E R20E

EXPLANATION

OBSERVATION WELL ,WATER WELL,
TEMPERATURE WELL OR TEST HOLE
1

OlL OR GAS WELL OR DRILL HOLE
GEOTHERMAL WELL OR DRILL HOLE

WELL , TEST HOLE OR DRILL HOLE
NUMBER

" FAULT , APPROXIMATELY LOCATED OR
CONCEALED

ALLUVIUM - Unconsolidoted tlay, silt,sond
ond gravel ; Holocene in age

DUNE SAND — Unconselidated sond and
silty sand ; Holocene in age

LAKE SEDIMENTS - Cloy ,-silt and send
of anclent Loke Cahuilta; Holocene to
Pleistocene in age

GEQLDGIC CONTACT , APPROXIMATELY
LOCATED

CROSS-SECTION

WELL DATA USED IN CRQOSS SECTIONS

. ' rrgzor %7
N, S . .1

D3 . .
. : 2
AT et "ﬂ’ 0 !

FEASIBILITY OF GROUND WATER RECOVERY

EAST MESA AREA
REFERENCES | = -

BASE MAP PREPARED FEOM US G S T‘/z MINUTE
TOPOGRAPHIC QUADRANGLES | HOLTVILLE EAST, BONDS
CORNER, GLAMIS SW, MIDWAY WELL NW,GLA'MIS SE, GEN ERAL GEOLOG‘C MAP
MIDWAY WwELL , CACTUS, AND GRAYS WELL ’

GEQLOGY FROM MORTON {1977}

1.eROY CRANDALL AND ASSQCIATES PLATE 2




250 ™ . WEST
o
N | —
w o) E
200 ' ™
" © pd |
Lt > o g
LE. et
9 x B ~
. - — < w v
IS w & ox " w 0
13 ] |
X 150 — e P g s
_ i ' N~ GROUND SURFACE —
- o u L Z ‘
' = o — ~ P~ — pem——
. M — Z it o
rd E — — o | . s v
- v = i o w 7 $ -
w w ey ~ 0 —
ge B S .
100 —a ! | ' ~
W Jw ul Lt wn
. sw v 2
§ F ~ -~ -~
; 0 (%] ki
: nw W 2]
P, 0 0
$ . 5 I—
f e LT e
| . i T
. w R -
@ - s '
' o
° Y0 =)
P 22
§|“‘
|
Q
- 50 AT
. o
3 EXPLANATION: o VERTICAL SCALE 1":50'
B w HORIZONTAL SCALE 1"z IMILE
o | | CLAY = WELL NUMBER
u . W
..... w
S SAND FRPETET | QCATION OF WELL
” 1982, WATER LEVEL, QUERIED WHERE

SAND AND GRAVEL

GRAVEL

P —
————
Poussssousny

AIT

FAULT, SHOWING DIRECTION OF
DISPLACEMENT {T=Toward, A=Away)

UNCERTAIN ; 1982 = YEAR

232 7 WATER LLEVEL ,QUERIED WHERE
UNCERTAIN , 18342 = YEAR




{OaNMINAY TTYNYS v TI3IHOVOD
{uiioN papalfoid) 106 - 361/59)

i

Vl

s o)

[F3
> AP

L33 4 NI NOILlY A3I3 w
w s
2 2 g o o N 2 = Z |3
o~ o - - w 1 o O o

...A _ | i ! } w M —
" _.AM ot T 45 ]
L] E
23 {HONVHE LS3IM) z ° O p
g 2 : o< Lud A <
- w e e . tn w o
o 1nvs - Z 0 i )
L 3 G < cnm
& o pe

{4yinog pajdelosd) © » (3] o
< =
IMNEE - 361/ SGl ot w n =
- O =
= x |
—_ [
— & z
14 2¢€ - 361/53 = <
w U

<
w o
LS x
I

i

{ uinog pajaalod )

2llg-361/86i

,3-3 NOILD3S




L B S - wh Wl g e wt

HZe-381/891 ——
2HZ¢ -381/58!

idig-381/ 591

@-Q@ NOIL23S

{uinog payasloid) 1D9E-3FLI/891 ——F

I tdGE-341/551

i

101~ 3L/840 —

vidlvdiiva

(4130N paidalold) IY¥E-321/S21 —— &
{4lOoN paioaforgd) 1IBE-3L1/S L1
IHEE-3.21 /S0

Idge-321/591

IH2€-321/S91 ——
TYNYD NYIIHIWY TV

142€-321/591 ~——Y

(410G pagoslosg ) 1dIg-3L1/ 591
TYNYD NYDIHIWY TV

. 17nv4d
— A3TImvdd

D-2 NOILD3S  149¢-391/591 ——F

109 ~391/59!
" Id 9€ - 391/591 ———
Ll
x idGE ~ 381/ 591
« TUYNYD INITHOH 1SY 3§
I i t i i
o
@ 2 2 : 3 ° 2
1333 N NOlLvYAZT3

VERT!

HORIZ

NOTE ., SEE PLATE 3 FOR EXPLANATION

PO — - R — . " .

v o Do T waHd T TRy g T 8@ gg-gg -l 4490




i
200

1334

NI

100

50

NOT Ly A 3T

-50

ld2-302/59 www,

EAST

{4inoS pajoaloig

101€-302/59

TYNVDI NYDIEIWY 19—

-4 zow»uum“zi||1

{ l13m S LOPIOD )
td9¢ -361/591

|

GROUND
SURFACE

(4ioN pajaafoiy)

ig2 ~361/8.1

IHEE —~ 3614591

1H2e-36{/591

id2€ - 36i1/591

1Hig-361/59

1942

{uinog pajoslosg) Idle ~361/591

IH9E -481/S9)

,3-3 NO1LDO3S

IHGE -48I/59i

crn

{UHON Ppajdaloid) [31-381 /5L

8 3Lvisy3alni

{4pE-381 /59l

:

T b.: TOOFT.

tmaumiy

A A

‘u= 501

L SCALE

TMILE

‘n

TAlL. SCALE

FEASIBILITY OF GROUND WATER RECOVERY

EAST MESA AREA

CROSS SECTION

4

PLATE

B-B'

LLeROY CRANDALL AND ASSOCIATES




“
mmm_imW—\m.U— m_ N b
F)
| |
x 3 _ o. i
= aniduty JTTIALIOR . | :
o * i i
z AR :
1442 - 391/5SG! B
M G2 ~ 391 /5C1 —— =
v ~-Y¥ NOILD3Y |149¢~391/8G1 —— ¥}
141 — 391/591 —o w
© =
T3
1l
W
1421 -331/89i 2z
[ S 75]
[ey)
d
a4«
o b
©c 3
=N
IHgl-391/591 —— o g
> T
oL &
23
e
Gmm =
©
W.!!
<{
=
14GZ - 391 /891 b
T e L &
o e AATIMYHE >
|IH9¢ - 391/S91 — F "
o
- [ ]
b
,8-8 NO11D3S IH9¢ ~-391/59 "
Ll
TYNYD NVOIIHINY .zq%l\ M
e
Q.
[N
1
= 2]
T
2 i
n e
(@]
S =z
F I I i i
o 3 =]
: 2 : 2 2
N e ©
1334 N NOQiIi LY AIITZ
_
_ I Grpu T4y ww du E£p-s-g  FivO




= 2007

-~ 150

= 100

-——50

D D’
SOUTH . g NORTH
TTTTTZ00T q e @ - T >~ 200-
® - < o
i x z z Z Iz
2.2 0 o < P ol a. 2  «
. ——2_Z — 0 o = ol —_0 SRS A
o 9 €m = ' - 4 1 - o )
~ oW W ud }‘3 W 1 Lt [ [se) Ll
150 ) w Z W = BT “J = 0 S OS Eoso
- I I S o ~ W~ ~ ~ W PP -
L o = == g Eow ~~ n B 0 w
14 ~ a m;B e = ___g_ 2 i . w
w 2o = ' - GROUND - ! @
dng i < - SURFACE™ , !
! 4
| 2 -
100 - ' l ; ™~ i a - 100
: W 2 L =
= - e el o = —
= L — 303
) — >
q o
R zﬂ__’___--—-"
(-3
= el PR (s 8 3
z - ° L z
o 50 ° o 50 o
— e -
- e T T - l
< <L
- -
ul 77)
-t wd
W o - e Q) w
| 4
-850 -50
VERTICAL SCALE Yz 8507
HORIZONTAL SCALE 17: IMILE I

FEASIBILITY OF GROUND WATER RECOVERY
EAST MESA AREA

= J—

CROSS SECTIONS
C-C'AND D-D'

LekRQy CRANDALL AND ASSOCIATES PLATE 5 ]




i
TUYNYD NUYDIHIWY v —[ft o fas -ata !
,. M, _om-w_omxm: selen sey w | , |
L 2 2 2 S 2 °
o od — —_
L33 Nt NOITLYA3ITSI
(=] [} o
u & & o 2 2 o
L | i £ {
(1503 paja3laid) IH 1 ~381/SGl PN R RS 0
=
[+ 4
0 3
red : \
-l |
(&
< !
[T
& o~ 7_.
a J |
fo]
> : !
= = w]
0 o T
s & s 2|
- w
]
FPO3INITING Y IYNYD YIII3HIYOD “
}
|
v-v NOILD3S I49¢-381/S9l 318¥11vAY 007 o M
w
: f
<% |
; 3 _ .
) | 3
| 8z
| e
| = |
{ 503 pajoalosd) 1H21-381 /58! | w u
J =S
| »
—l
| _ p w
: _ U5
| o
1M E1-381/591 | e
_ z
| |
14$2 - 381/59I RS SR “
y “
‘
W .
1462 - 381/591 i
|
Ir9c - 381/591 “ |
o
8-8 NOILD3S 1¥49¢-381/59l . .
Wn TUYNYD NVIIHINY Juwle_ ~
2 199-361/5 LI 8 4
v _
109-361/S41 i
E i 1 I T
o o : o o < [
) (] ) n o v
. ~ 2 i - -
133 4 N1 NOILLvyAZ3T 3

SEE PLATE 3 FOR EXPLANATION

NOTE

I« D s T T30

T

et

£g-¢ - 31VQ

“gencqg.3 AOC




PQUTH NORTH F:t
: L LA

. —m wrre e m——— - —E e
Hn GROUND o
: SURFACE
o — o -4
T O g_
z b4 h S
| W
Q 1 il
= g o <
- = ~ - - 200 [
€ ~ " -
o Lt ]
1sJ O w T w
ot - ()
(72} prt w
‘ (e}
O
pr———T =77 (A
ratiehil DA O - 150
o Pt R =
T8 g Sl
0o r,o .
. ) . oo
- _n' 6.03'. 2
t’\\"‘----... 7,5 e 1282 2
o D 0 - [
.,-'__;Z:‘ - Lo -
L SR -
i it s 1942 e -
e e e S e <
iy P =
o0 w
o]z -
o - 50 w
4
=l
T
wl
EE S
< f
(7]
0

VERTICAL SCALE 1":50
HORIZONTAL SCALE 1= IMILE

FEASIBILITY OF GROUND WATER RECOVERY
EAST MESA AREA

ez P —

CROSS SECTIONS
E-E'AND F-F'

LeROY CRANDALL AND ASSOCIATES | PLATE 6




CHKD.

CE.

M.G.

DATE 1-23-83 pr.

Jop _E-83066 .

THS

TIES

TITS

RIGE

RITE RIBE
HOLTVILLE w

. x2
/AtRﬂELn e

RI9E

REFERENCES .

BASE MAP PREPARED
TOPOGRAPHIC QUADRANGI
CORNER, GLAMIS SW M
MIDWAY WELL , CACTUS

FAULTS FROM MOS




]

R20E

ROM USG5 T'% MINUTE

i . HOLTVILLE EAST, BONDS
WAY WELL NW, GLAMIS SE,
AND GRAYS WELL

ON (18977}

e ~EXPLANATION
] OBSERVATION WELL ,WATER WELL ,
TEMPERATURE ~-WELL—OR—TEST-HOLE
o Qi OR GAS WELL OR DRILL HOLE
» GEQTHERMAL WELL OR DRILL HOLE
Ki WELL , TEST HOLE OR DRILL HOLE
NUMBER
R TR FAULT , APPROXIMATELY LOCATED OR
CONCEALED
® HYDROGRAPH OF WEL.LS ARE SHOWN

ON PLATES 11 THROUGH 13

&} t 2
e — )
MILES

FEASIBILITY OF GROUND WATER RECOVERY
EAST MESA AREA
«:::}-

WELL LOCATION MAP

LeROY CRANDALL AND ASSOCIATES PLATE 7




CHKD.

QE.

L MG,

Jos _E-83066

RISE RITE

. RIBE RISE
HOLTVILLE ' - K2
ARFIELD .
az 0 MM M n nL ®i
- '*,'-':Af:m.;fs e Bo— ¥ e e e B e
, & . . ’ gti Hi
—r e &L / l\ L
" Jt I Bl
RS ‘ : / ‘
TS e, . - j \
. ‘ / f
CR : / R ‘
Tes =t h T ] \
L 7, " / l
—— g '-"tuq“- L 6\ - l
' - . &) ® oz
o 3 ™ J | /
- ‘m % .'- ¥ / I 6 3?
; ™ n2 / n1 l“"‘—
ST P | S SN 70 A N |
A ~ov I' Ol S z /r 5 / : \
L " 6
SR TR / . 1
- Lz . 9 v
g ‘ m. Lll- 3 ;42 n o / : K2 M ' L ™
K % v al e & ”"'_ﬁ!'.lﬁl " § e l--w .-".6-;-,‘-_..;;"'.'
) c1 L
~ ; rnes SN 8 / £t e | . l o
4 “uw C . I ; . , El I
T Y ' ’-97. / x / / " ’ & j
- oi ) : : ., }
e M ukd P, . o ] L1}
R L / * B /
a.—a-';- B LS // s “c}\ /
iz A .:ﬁ\\"‘:\" '-. / ) .
- Sy, -;' — »
rzb__ ) “*“-\'55\ & / / / LT /%
L1 R ul K
TI6S G e e ‘M.,...___“f:'ﬁj‘l , j\,} ‘‘‘‘ ‘:“ .ﬁj 8,/ ) ’2// r ‘:,..M/ ' . ﬁ) //
/ / /
) / @ 4 / x i //
%T_'\si m n ni ni R / Nt i :
TRy - 4 L . .
oy ' s
e " s w -~
- N\
/ ] < /\.‘0
[ ni K »azo #M #i Gt Ht ™ L]
. L L] L oo)/om *e L] » ]
// 6t 82
. 3'5,/ ] . 3&//‘;4 3 B R i ., HIRZHI *" ';‘
Gl e T o S n N o . i 3
¥ K" @ " L 2 Rk . L m . 4 P e
s Yoipe B2 F e = ‘
Ak M HEﬁiC'A#-- -
'8 ‘i‘l .GI
=)
TI7S ..._‘:.:."';-"'

ok JTTTY. Np— e 1 imm
B “"”i:z-"?_f%'ﬁ?mbml' BORDER

REFERENCES |
BASE MAP PREPAREI
TOPOGRAPHIC QUADRANG
CORNER, GLAMIS Sw, I
e : MIDWAY WELL , CACTU
FAULTS FROM MC




P S

ROM WS G S Tlp MINUTE

5

JWAY WELL NW, GLAMIS SE,

HOLTVILLE EAST, BONDS

AND GRAYS WELL.

TON

{977}

RZ20E

EXPLANATION

. OBSERVATION WELL ,WATER WELL ,
- TEMPERATURE WELL OR TEST HOLE
o OIL OR GAS WELL OR DRILL HOLE
. GEOTHERMAL WELL OR DRILL HCLE
K WELL , TEST HOLE OR DRILL HOLE
NUMBER
ives7...  FAULT , APPROXIMATELY LOCATED OR
CONCEALED

mun? m  LINES OF EQUAL GROUND WATER ELE~

VATION {IN FEET) QUERIED WHERE
e UNCERTAIN

. @) 1942 WATER LEVEL AVAILABLE FOR
WELL

D 1_. ] iy

o3 .
T - M o J 2

FEASIBILITY OF GROUND WATER RECOVERY
EAST MESA AREA
e

GROUND WATER CONTOUR MAP
OCTOBER, 1942

L.eROY CRANDALL AND ASS0QCIATES PLATE &




SIXTH ANNUAL PROGRESS REPORT
WATER QUALITY STANDARDS
FOR SALINITY
COLORADO RIVER SYSTEM
DECEMBER 1983

Prepared By The
Colorado River Basin Salinity Control Forum



COLORADO RIVER BASIN SALINITY CONTROL FORUM
MEMBERS

ARIZONA .

Wesley Steiner, Director
Department of Water Resources

Dr. Ronald Milier, Acting Assistant Director
Department of Environmental Health

Stewart Udall, Attorney at Law, Member
Central Arizona Water Conservation Distriet

CALIFORNIA
Myron B. Holburt, Chief Engineer

Colorado River Board of California
walter Pettit, Chief Technical Services
State Water Resources Control Board

COLORADO
D. Monte Pascoe, Attorney at Law

Robert Arnott, Assistant Director
Department of Health
David Robbins, Attorney at Law

NEVADA
Jack Stonehocker, Administrator
Division of Colorado River Resources
Lewis H. Dodgion, Administrator
Division of Environmental Protection
Roiand D. Westergard, Director
Department of Conservation and Natural Resources

NEW MEXICO _
Stephen E. Reynolds, State Engineer
UTAR
Daniel F. Lawrence, Director
Division of Water Resources
Calvin K. Sudweeks, Director i
Bureau of Water Pollution Control
Division of Environmental Health
WYOMING

George L. Christopulos, State Engineer
William F. Garland, Administrator
Department of Environmental Quality

Jack A. Barnett, Executive Director
Colorado River Basin Salinity Control Forum
106 West 500 South, Suite 101

Bountiful, Utah 84010




TABLE OF CONTENTS

Introduction 1
Water Supply 2
Storage Change 3
Historical Uses 3
Salinity Concentration at Monitoring Stations b
Status of Salinity Control Activities 6
Paradox Valley Unit 7
Grand Valley Unit 8
Grand Valley Unit
Reclamation §
USDA Onfarm 10
Las Vegas wWash Unit 11
Water Quality Improvement Program 13
Big Sandy River Unit 14
Lower Gunnison Basin Unit 15
Uinta Basin Unit 15
McElmo Creek Unit 16
Palo Verde Irrigation Distriect Unit 17
Megker Dome Unit 17
La Verkin Springs Unit i7
Lower Virgin River Unit 18
Glenwood-Dotserc Springs Unit 18
Price-San Rafael Rivers Unit 18
Saline Water Use and Disposal 19
Opportunities Unit (Saline Water
Cooling Tower Verification Program)
Saline Water Use and Disposal 19
Opportunities Unit (Agquatrain)
Funding 20
Research 20
Department of Agriculture Other Activities 20
Planning 21
Implementation 2l
Research and Education 22
Monitoring and Evaluation 23
Budgeting 24
Bureau of Land Management 24
Fish and Wildlife Service 26
Environmental Protection Agency 30
State Salinity Control Activities 31
National Pollution Discharge Elimination 31
System Permits
Arizona 3L
California 32
Colorado 33
Nevada 33
New Mexico 34
Utah 34
Wyoming 35
Water Quality Management Plans 36

Arizona 36




Galifornia
Colorado
Nevada
New mMexico
Utah
Wyoming
Other Activities
Arizona
California
Colorado
Nevada
New Mexico
Utah
Wyoming

Forum Activities

Water Rights

Baseline Values

Public Involvement and Participation
Forum Proposed Legislation

Salinity Control Legislation -

~ Department of Agriculture

Executive Director and Forum 0Office

Qutliook for teeting Standards in the Future

2w N -

L8 1]

TABLES

Virgin Flow at Lee Ferry

Summary of Estimated Uses Colorado
River Basin

Flow-Weighted Average Annual Salinity
Concentrations at Selected Stations

Water Quality Improvement Program
Estimated Completion Planning Reports

Fish and Wildlife Service Involvement in
Salinity Control Studies - 1983

FIGURES

End of Calendar Year Active
Reservoir Storage

oo

13
28
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vWater Quality Standards for Salinity
Colorado River System
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Prepared by the
Colorado River Basin Salinity Control Forum

Introduction

In 1975, the seven-state CoLorado River Basin Salinity
Céntrol Forum prepared a report which included numeric
criteria and a pian of implementation and recommended that
each state adopt the report as its salinity standards. Each
of the Colorado River Basin states adopted the recommended
standards which were approved by the Environmental Protection
Agency (EPA) in November 1976.

The (Clean Water Act requires that water gquality
standards be reviewed at least once each three-year period.
Accordingly, in 1978, and again in 1981 the Forum reviewed
the existing state-adopted and EPA approved salinity
standardas. Basea on that review, the Forum found no reason

to recommend changes in the numeric eriteria.



1

The plan of :impiementation requires that the Forum's
permanent Work Group analyze the progress and results of the
salinity controi program as weli as otner actions in the
Basin which impact on the river's salinity. In addition, the
states, through the Forum, have agreed to submit an annual
report to the Environmental Protection Agency summarizing the
results achieved by the salinity controi. program and the
effect of other actions in the Basin having an influence on
salinity. This report covers the period October i8, 1982 -

September 30, 1983. Ry

Water Supply

The virgin flow at Lee Ferry, as estimated by the U.S.
Bureau of Reciamation for the water years 1973 through 1982

is shown on Table 1.

TABLE 1
Virgin Flow at Lee Ferry
(1,000 Acre~feet)

Water Year Flow
1973 19,395
1974 13,325
1975 16,921
1676 11,338
1977 5,470
1978 15,268
1979 17,793
1980 17,497
1981 6,230
1682 16,264

/ The report period has been being changed to make it
coinecioe with the water year.
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The virgin flow for 1977 at Lee Ferry of 5.47 maf was the

driest year on record for the period 1906-1982. The
estimated virgin flow for water year 1983 is in excess of 24
million acre~feet which would make 1983 one of the wettest

years on record.

Storage Changes

Upper and Lower Basin active reservoir storage has
increased since 1972 as shown on Figure 1. Basinwide storage
at the end of calendar year 1982 was about 16.3 million acre-
feet greater than at the end of 1972. Of the total increase,
10.8 million acre-feet was in the Upper Basin and 5.5
million acre-feet was in the Lower Basin. The 1982 calendar
year storage in the Colorado River system was about 5.1
miltion acre-feet greater than the 1981 value.

During water &ear 1983 all of the major reservoirs on
the Colorado River filled to capacity and spiiled. These
large flows provided some immediate reduction in salinity
concentrations at ali of the major dams primarily due to

dilution effects.

Historical Uses

Estimated historical Upper and Lower Basin uses for

calendar years 1973 through 1982 are shown on Table 2.
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TABLE 2
SUMMARY OF ESTIMATED USES COLORADO RIVER BASIN
By Calendar Year
(Thousands of acre-feet per year)

By State 1973 1974 1975 1976 1977 1978 1979  198¢ 1981 1582
Upper Colorado River Basin
{Depletions)
Arizona 7 21 3u 26 33 30 35 36 34 3y
Colorado"g/ 1,480 1,866 1,765 1,695 1,601 1,954 1,769 1,764 1,763* 1,791¢
New Mexico 330%/ 208 305 219 221 315 394 Ho3. 301 397
Utah 7054, 706 713 708 710 757 6028/ g9ool, 758 7hs
Wyoming®? 320 330 334 337 355 358 379 382 372 450
CRSP Reservolr
Evaporation 548 615 630 656 593 550 617 700 EE6 691

Subtotal - Depletions
Upper Colorado River Basin 3,390 3,746 3,781 3,701 3,513 3,964 3,796 4,185 3,834 4,108

Lower Colorado River Basin
(Mainstream Diversion less
surface returns except as noted)

ArizonaZ/ 962 990 1,011 1,094 1,038 1,076 950 975 1,090 1,044
CaliforniaZ/ 5,080 5,354 4,935 4,610 4,972 4,596 4,925 4,818 4,876 4,269
Nevada3/ 95 95 101 108 105 106 126 136 155 154
Subtotal - Mainstream 6,137 6,439 6,047 5,808 6,115 E,718 6,001 5,929 6,121 5,H67

Diversions less surface
returns, Lower Colorado
River Basin

Reservoir Evaporation 1,130 1,102 1,276 1,099 1,058 1,000 1,130 1,167 ygo 1, 3000
Deliveries to Mexico
Scheduled 1,500 1,500 1,500 i,500 1,500 1,500 1,700 1,700 1,700 1,500
In Accord w/Minutes
241 ang 242 119 160 216 206 207 182 178 155 148 150
Total to Mexico 1,619 1,660 1,716 1,706 1,707 1,682 1,878 1,855 1,848 1,650

TOTAL - Colgrado River
Basin=/ 12,276 12,947 12,820 12,314 12,393 12,424 12,0805 13,136 12,057 1

g+ ]
[y 4
T}
(%

1/ The 1973 depletions for New Mexico have been revised since publication of the
Forum Report, "Water Quality standards for Salinity Including Numeric Criteria
and Plan of Implementation for Salinity Control, Colorado River System." The
values shown in the 1975 Forum Report have thus been superseded.

2/ Values of Arizona and California are diversions less returns including estimated
unmeasured return flows.

t

3/ Values for Nevada are gross diversions.
4/ The estimated uses for Utah have been revised for the years 1973-1979.
5/ 1Includes all Lower Basin mainstem reservoirs and Senator Wash. Does not include

net instream losses below Hoover Dam and tributary inflow between Lee Ferry and
Hoover Dam estimated to average 200,000 af/yr and 750,000 af/yr, respectively.

6/ Starvation Reservoir drained. 7/ Starvation Reservoir refilled.
8/ The values for 1973 through 1980 have been revised.

* provisional Record. **x perived from U.S. Bureau of Reclamation data.
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Salinity Concentraticn at sonitoring Stations

Salinity concentration at monitoring stations below
Hoover Dam for years 1973 through 1982 are shown on Table 3.

These values are all less than the 1972 numeric criteria.

TABLE 3
FLOW-WEIGHTED AVERAGE ANKUAL SALIRITY CONCENTRATIONS
AT SELECTED STATIONS
(Total Dissolved Solids in mg/i%)
Calendar Year

Numeric
Criteria 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982

Below Hoover
Dam 723 706 686 685 G674 66T 688 69l 706 b67BYT  HB2sw

Below Parker
Dam Ta7 726 700 702 699 681 681 703 684  F219%  717RE

At Imperial
bam 879 846 836 628 823 821 812 809 758 Bl6%¥ 825

Spetermined annually by the Bureau of Reclamation from data collected by
the U.S5. Geological Survey.

H¥ppovisional records.

Status of Salinity Control Activities

In this annual progress report, salinity control
projects in which both Reclamation and Agriculture are in-
volved are descrited as joint rather than separate projects,
This should eliminate some confusion and better explain the
status and progress in planning and implementing the various
salinity projects.

Construction progress on the salinity projects

authorized by Title II of P.L. 93-320 or other measures that



would achieve equivaient reductions are necessary to maintain
salinity in the lower mainstem of the Colorado River at or
below the 1972 levels while the Basin states continue to
develop their compact~apportioned waters is described in the

paragraphs that follow.

Paradox Valley Unit

The brine infliow control program &s proposéd has been
tested and verified. The brine disposal plan using deep well
injection has been evaluated and is considered the most cost-
effective and environmentally preferred disposal alternative,

Information obtained by the deep well érilling consul-
tant resulted in a decision not to attempt rehabilitation of
the abandoned Conoco Well in Paradox Valley. This change
necessitated revising the deep well drilling specifications
and delayed the contract award until Janpuary 1984, A later
independent review of specifications for a new injection well
showed that the specifications were inadequate for a well in
the selected location of the salt dome. Therefore, addi-~
tional study is needed to select another iocation for an
injection well with a resuitant delay in award of contract
until about March 1985. ‘the U.5. Geological Survey completed
installation of all remote seismic stations, with testing to
be completed in July, 1983.

The Bureau of Reclamation filed an application in
February 1983 for a change of water rights and a plan for
augmentation for the Paradox Valiey Salinity Control Project.

-7~



This application would transfer water rights previously used
on land in the McPhee Reservoir area of the Dolores Project
to augment the depletions resulting from the operation of
Paradox Valley well field. The water would provide replace-
ment for the tributary saline water which would be pumped
from the well field along the Dolores River to insure that
downstream water users are not injured. The State of
Colorado, acting through the Division of Water Resources and
tie Colorado Water Conservation board, has filed "Statements
of Opposition®™ in this water right proceeding. Under
Colorado iaw, this is standard procedure to establish party
standing in the case. The State of Colorado will work with
the Bureau of Reclamation in an effort to resolve any issues
which this filing may raise. No other entities have entered
the proceedings.

Construction funding for the Paradox Valiey Unit for FY
1983 is $3,620,000. The funding for fiscal year 1984 is

$6,068,000.

Grand Valley Unit

Both USDA and Reclamation are involved in the Grand
Valley Unit. Reclamation activities are divided into Stage
One and Stage Two project areas. USDA onfairrm walter manage-
ment and salinity control efforts are underway project-wide.

Heclamation - The lining of 6.8 miles of the Government

Highline Canal Stage Une is complete. The associated
laterals were completed prior to the 1983 irrigation season.

-8



Monitoring continues on thne Stage One laterals for flow
fluctuations or operational problems. The moss and debris
removal structure was installed in 1983, approximately i year
ahead of schedule. Monitoring of the Stage One area has
shown a reduction in salt load of 15,600 tons of which 14,200
tons was related to the canal and lateral lining and 1,300
tons to the USDA onfarm program in the Stage One.area. ..

A recommended plan has been identified in the Stage Two
draft supplement to the Definite Pian Report. This plan
would reduce salinity concentration at Imperial Dam by 14.1
mg/1l and result in an overall cost-effectiveness of $618,000
per mg/l. The selected plan includes concrete lining the
west, middle, and east reachnes of the Government Highline
Canal and all laterals in the Stage Two area except the
Redlands. Lining of the middle and east sections of the
Government Highline Canal will be deferred until needed to
meet goals of the salinity control program.

Reclamation has completed a reevaluation of the salt
joad contribution from the Grand Valley area. Although the
studies show an estimated salt load reduction of 200,000
ton/year (780,000 tons vs 580,000 tons) the change in loading
did not affect the potential salt reduction by the combined
Reclamation and USDA program of 410,000 tons per year.

Fiscal year 1983 funding for construction in Grand

Valley amounted to $8,860,000. Tne FY 1984 budget amount is

$3!915,000-



USDh onfarm -~ USDA onfarm activitles are underway

througnout the project ares. The Soil Conservation Service
compieted an onfarm salinity control report in December L1977
and provided a supplement in March 1980 to cover the onfarm-
related lateral improvement program. Implementation of tThe
USDA onfarm and reiated lateral improvement program was
initiated in 1976.

For 1982, 8(S personnel estimate the Grand Valley
average annual salt load reduction by the USDa oafarm progran
for the entire valley, inciuding the Stage One area, to be
17,700 tons, witn an average annual salinity concentration
reduction of 1.84 mg/i at Imperial Dam. $Cs nas initiated a
more comprehensive onfarm monitoring and evaluation program
in Grand Valliey. Specialized wmonitoring equipment has Dbeen
purchased ana installed tc measure climatic conditions (pre-
cipitation, wina direction and velonity, etc.) for use in
determining evapotranspiration rates and for measuring field
irrigation inflows and cutflows. This uata wiil be used to
determine irrigation sfficiencies and amounts of deep perco-
tetion. The moniiciring pirogruu Was initiased on several
farms and will be furtner expanded to aprroximately 30 farms
per year as funcing tevels increase in Tutupre years.

An agricuiturai extesnsiocn agent hes heen hired in Grand
Valley %thiougn 2 cooperative agreement petween Reclamation
and USHA Extension Service in conjunction with the Colorado
Cooperative Extension Service. The agent is working full
time to contact local landowners regarding the organization

-1 g



of smal. group laterais as part of the Recramation ana USDA
lateral improvement program in Grand Valley. The organiza-
tion of lateral operators into more forma. entities 1is
necessary to strengthen coordination and implementation of

the Reclamation lateral program and the USPA onfarm progran.

Las Vegas Wash Unit

The status report, dated October 1982 was-released.in
December 1982. The report presented recent study findings
ana recommenced modifications to tiwe salinity control plan
for Las Vegas wWasii. The major finding of the study was that
the salt ifoading was induced by the disposal of waste water
into wasteways or basins whieh leach salt from the underlying
saline geologic deposits. & recommended solution is to chan-
nel the waste water around the saline deposits which would
reduce the ieaching and salt loading.

The salt pickup could be reaguced by 79,000 tons per year
by a 4.5-mile bypass channel which would convey, with minimal
seepage, waste water and minor storm runoff along the north
side of the Wash flood plain.

Reclamation has begun a verification program in the
Pittman area wnich would monitor the ground water response to
the elimination of waste water seepage from unlined ditches.
4 3.5-mile Pittman bypass pipeline was delayed until fiscal
year 1984.

An effort is bpeing made to coordinate the proposed
salinity control action with plans of Clark County agencies.

-] ] e



Opposition has cesn eipressed agalnst ths piropcsed Dypass
chanpel by several local entities. Altnough there are
several issues of contention, tne praimary conceprns appearr to
be two fold. The first concern reiates to the possible
impacts the bypass ciannel would have on the existing and
proposed wetlands environment in the Las Vegas Wasn. The

second concern relates to tne possible reduction of the

hutrient stripping capability of the wetlands if the waste

water effluent 13 bypassead around the Las Vegas wash, thereby
increasing waste water treatment costs. Other concerns which
pave peen explressed reiate to the cost and penefits of the
salinity control project. The Bureau of Keclamation has been
and continues to WOrk closeLy.witn tne Locald entitiéé in
addressing these l1ssues.

L ®inaing of mo Significant Iwmpact (FO#SI) foir the
Pittman Verification Program and Environmental Assessment
Report was signeu in wmay 1483, Tnis report outiines the
concept of a vegetation test plot which wouid determine and
demonstrate the feasibiiity of establishing and maintalning
native vegetation withn availaple ground water. This concept
was developed 11 consultation witn tne Fisn and Wildlife
Service. 1ne test site is a means of obtaining data neces~
sary for successIul imprementation ol tuae salinity control
project, demonstrating the compatibility of salinity control
plans and webtsiana pary piansd, anG Ssecuring public support of
a2 salinity control project.

wlim



Tne appropirietion for FY 1983 was 857,000, For FY 1984
$1,075,000 has been appropriated primarily for completion of

the Definite Plan Report (DPR) and Pittman bypass.

Water Quality Improvement Program

Since the puolication of the Fifth Annual Progress new

port and the 198l Review - Water Quality Standards for

Szlinity, some changes have bpeen made in the scheduled com-

pletion dates for feasxblllty reports on the units identified
in Pubiic Law 93~320 and Public Law 96-375. Table 4 presents
a summary of the various planning reports and includes an
explanation of the status of related USDA confarm progran

reports. In some projects, USDA is not involved.

The Forum continues to urge Reclamation and Agriculture
to coordinate their planning activities and schedules to run
concurrently to the greatest extent possible.

TABLE &4

Water Quality Iumprovement Program o
Estimated Completion Planning Reports

1981
Standards Review
March 6, 1979 Rev1510ns—/ Usha
Unit Schedule Sept. 1982 Reports

AUUATRATIN - 9/65 -~
Big Sandy River 5/84 5/84 Publ. 11/80
Coito. River Indian HReserv. - - 10/84
Dirty Devil River 2/87 1/87 -

Proposed revisions, subject to change



Gienwood~Dotsero Springs 5/8k b/86 -
LLaVerkin Springs - 86 -
Little Colorado - - Pubi. 12/81
Lower Gunnison 12/81 12/62 Publ. §/81
Lower Virgin River - 87 Publ. 3/82
Mancos Valley - - H/ 84
McElmo Creek 9/83 2/84 Publ. 1/83
Meeker Dome 2/83 6/85 - T
Moapa Valiey - - Publ. 2/81
Price-~San Rafael Rivers 3/86 9/85 10/84
Palo Verde I.D. - - Not scheduled
Uinta Basin U/84 Publ. 1/79

3/83

Big Sandy River Unit - The current plan, recommended

by Reclamation, would remove saline water by collection wells
in the spring and seep area of the 8ig Sandy River and pump
the water via a pipeline to a proposed Chevron fertilizer
plant near Rock Springs for use and disposal, ‘'The final
Reclamation/State joint report was presented to the State
Legislature in December 1982. The State has proviaed funds
for acceleration of the study through the wWyoming Water
Development Commission. Draft appendices and the draft
pian formulation working document have been completed and are
under review, The recommended plan was reformulated to
exclude the Bone Draw Collector well field. The State of
Wyoming may consider an independent review by an engineering
consultant of the USDA and Reclamation plans.

Y.



Implementation of U3DA's onferm program has been delayed
pending resolution of the Reclamation off-farm salinity

studies.

Lower Gunnison Basin Unit - Heclamation's planning re-

port and draft Environmental Statement were filed on January

trr—1983 A TinaEl VTSI e L I TP aC e ST TEENT ang rLranning

Report is currently scheduled for early 1984, Basic data

collection on Stage II is underway.

Preconstruction planning was scheduled to begin in FY
1983 on the winter water portion of Reclamation’s plan but
was cut from the program because of budgetary restrictions.

This activity is rescheduled to begin in FY 1984,

The USDA Soil Conservation Service onfarm report 1s
compatible with and focuses upon the same priority salt load
problem areas on the east side of the Uncompahgre River, as
does Reclamation's plan. Implementation of the onfarm

program is scheduled to begin in fiscal year 1986.

Uinta Basin Unit - Coordination between Reclamation and

USDA has been maintained in the progress of this unit study.
UsSDA continues to proceed with their onfarm implementation
program and is working on a number of canal and lateral
improvements. The majority of the canai ziri laterai improve-
ments needed in the pasin are being accomplisied through the
Centrai Utah Project. About 59 miles of canals and laterals
are proposed for rehabiiitation under Reclamation's study.
Initiai data colirection for precocnstruction planning was
scheduled to begin in fiscel year 1983 but was cut from the

~15-



program because of pudgetary restrictions.
USDA has also initiated a more compirehensive onfarm

monitoring and evaiuation program in the Uinta Basin. ¥or
-

1982, SCS personnel estimate the average annual salt load

reduetion to pe 12,800 tons as a result of their efforts,

with a resulting 1.3 mg/l decrease in salinity concentration

at Imperial Dam.

MeEimo Creek Unit - The Forum found tnrough a speciai

consultant's study that the proposed Reclamation report and
the completed USDA onfarm report complement each other rather
well. While the water and salt budgets prepared by the two
agencies vary, the estzmated values for total salt load and

for potential salt load 1educt10n are within acceptable

limits. Thne Forum has recommended that the USDA program be
accelerated.

The Reclamation study plan formulation working document
was completed. The Planning Report/braft Environmental
Stautement is scneduled for February 1¢§4, The recommended
plan was to line 238.5 miles of the montezuma Valley Irriga-
tion Company (MVIC) system. The possibility of combining the
Towaoc Canal with canals in the MVIC distribution system has
been discussed. A& decision was made to construct much of the
MeElmo Creek Unit’s recommeided plan under the Dolores Pro-
ject and to combine the Towaoc-MVIC canals as part of the
plan. Analyses indicate that thnere is not only a cost
savings in rerouting the Towaoc Canal from the west side to
the east side of the City of Cortesz, but substantial savings
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zoerue if the Towazoc Canal is comoined with canais of the

salinity control unit.

Palo Verde Irrigation District Unit - Reclamation and
Py 000 T OO

e ———

USDA have worked together to formulate a Jjoint plan of study

which will be conducted in tinree phases. Additional discus-

sions on the proposed plan of study with local entities are

pilanned for late 1983, Rectamation and USDA funding may

delay the start of the study until 1985.

iieeker Dome Unit =~ dMonitoring is continuing. Well

cleaning and plugging still appears successful.
A salt concentration reduction is expected to average

1.6 mg/l at Imperial Dam as a result the plugging of the

three wells in 1981, . The planning report to document the
verification program is scheduled to be completed by June
1985,

LaVerkin Springs Unit ~ Because of renewed State and

local interest, Reclamation reinitiated salinity studEEs }n
FY 1983 to evaluate a new concept for diverting the saline
springs to clay~lined evaporation ponds. Clay lining was not
seriously considered in previous studies by Reciamation
because of concerns for ground water intrusion. Washington
County water Conservancy District, a tocal entity, has
suggested that clay iining would be acceptable for saline
water disposal.

Detailed studies are continuing to specifically address

downstream Virgin River effects on salt removal estimates and
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to revise the costs of evaporation ponas for setected itiner

materials.

The District is interested in reducing sailnity and

providing water from the Quail Creek Project to replace

depletions causea DY the evaporation of saline water.

)

PO W )
I %F

1}

ower Virgin River Unlb = gePrraspubtished—a—Vi

Valiey onfarm satinity report. Impiementation of the UsDa
program hopefully will be initiated-in 1984, -

Further Reclamation studies have peen programmed to
begin in FY 1984 to investigate the viability of capturing
Lower Virgin River saline underflows and surface fiowus and
diverting them for industrial use as powerplant cooling
water. Both the State and the Nevada Power Company have
expressed interest in the project. Previous Reclamation
studies were conducted further upstrean.

Glenwood-Dotsero Springs Unit - Reclamation's preferred

pian for study is expected to decrease the salt loading to
the Colorado River by an average of 284,000 tons annually.
Brine wouid be collected from Grenwood and Dotsero Springs
and delivered via a 140-mile pipeline to evaporation ponds
for disposal near Hest S8alt Creek on tne Colorado-Utah
border. Another disposal alternative is to utilize the sa-
iine water for AQUATRAIN.

Price-San Rafael Rivers Unit - feclamation and USDA

continue to coordinate planning efforts. Preliminary
findings indicate canas lining may not be cost-effective;
while a livestock winter watering pipeline would be cost-
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effective., USDA planning efforts are focusing on onfariu
systems improvements, some repiacement canal and/or lateral

structures and a neavy emphasis on providing onfarm water

e T A

management assistance. The USDA onfarm report is scheduled

for compietion. in Octooer 1984 while Reclamation's report is

wriredoted—for--comptettor 19857

Saline Water Use and Disposal Opportunities (Saline

Water Cooling Tower Verification Program) - Reelemetien—de—— - -

working with the Forum, EPA, utilities, and others to
identify a proper site and cost-snaring possibilities_for
installation of a saline water cooiing tower at a power plant

1ocated in the Colorado River Basin. Installation of a

binary cooling tower at #n e¥isting power plant dppears Lo D€
the most cost-effective way to verify the use of saline water
to provide salinity control henefits and address industries'
concerns regarding equipment reliapility. Cost-sharing
agreements, equipment design;, and an operational plan for
installiation and operation of the verification unit are
expected to be completed in FY 1984, with installation of the
verification facilities scheduled for initiation in FY 1985,

Saline Water Use and Disposal Opportunities (AQUATRAIN)

In November 1982 an agreement was signed between Reclamation
and W.R. Grace & Co. A4nh agreement was signed in March 1983
with Bureau of Land Management to ao corridor screening and
environmental studlies. Private interests and other Federal
agencies are providing personnel for this study which is
expectea to be completed in FY 1985.

-1G~



Tecnnical analysis during the past year indicates tnat

ligquid carbon dioxide will provide a significantly greater

epaonnomic bransport mediym bhan saline wuaterp As a resulh

Aquatrain is now being formulated to use saline water as

conjunciive cooling water for power plants.

Funding =~ During tne fiscal year 1983, the Reclamation

level of funnding for the Water Quality Iimprovement Program

was $5,604,000. Funding for FY 1684 is for $4,510,000 fof
planning activities on the above units. An additional
540,000 has been requested for advance planning activities.

Aesearch - heciamation's research activities and

contracts on reservoir salt gggg@g@tation and evaporation and
analysis of water cnemistry data to isolate changes in basin
salt loading are moving forward. Research activities are
continuing on softening pretreatment and water characteriza-
tion studies and work on saline water cooling tower

technology as a part of the Saline Water Use and Disposal

Opportunities Unit.

U.S. Department of Agriculture

(USDA) Other Activities

The USDA continues to be a valuable and active partici-
pant in tne Colorado River Basin Salinity Control Progranm.
The Soii Conservation Service (SCS) has provided excellent
leadership in helping plan and implement the more cost~
effective onfarm salinity control activities necessary to

achieve the objectives identified in Title II of PL 93-320.
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Pianning ~ Because of FY 1963 funding limitations, USDA
salinity control project planning activities were extremely

limited. USDA was able to compiete a draft report on the

very small Mancos Valley project and has coordinated with

Reclamation to formulate a proposed report on the Price-3an

S P P ST

Rafael irrigated areas. Other than some minor revisions to

the McElmo Creek Report, no new salinity control reports were

‘completed”in the last year. It has been detefmined that the

Colorado River Indian Reservation is not a major salt contri-
butor, and a standard USDA river basin study-is-being
conducted on this area.

Salinity studies nave been completed on 508,000 acres in

eight‘diff;rent arees that have a maxirum salt load reduction
potential of neariy 850,000 tons per year when fully
implemented. The Upper Virgin and Palo Verde salinity
studies have been delaved because of funding difficuities.

Implementation - USDA continues te implement the Grand

Valley and Uinta Basin <nfar=a salinity control projects
through existing USDA programsd. Technical assistance for
onfarm pranning, design and irntallation, and followup water
management support is provided by SCS through the Conserva-
tion Tecnnicai Assistence Ffunus. LosT-fnale support for
water managemsani ana salinivy controi practices are funded
through the fgriculturzi Conservation Preogram administered
by the Agricultural Stablization and Conservation Service.
Wnile existing progrums provide an opportunity for some
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implementation to cecur, the Forum continues to urge the
Department, the Administration, and Congress to establish

necessary legislative authority for a separate Colorado

River Salinity Control Program to be funded under the

Secretary of Agriculture.

Wesearch and Education - in rY 1983, the Agricultural

Research Service (ARS) received an additional $600,000
fundinz to expand upon salinity rélated research. Through
the efforts of various ARS salinity and water conservation
research facilities, an expanded salinity research effort nas
been initiated. This research effort while targeted for

Colorade River salinity control, will provide research

national salinity activities. Ongoing activities on new and
developing irrigation technigues such as cablegation and
level-basin irrigeticon systems in Grand Valley have proven
guite successful. Tke successful use of saline or brackisn
drainage return flow water in ccntrolied field experiments in
the San Joaauin and Imperial Valleys will alco be useful in
the Coloradn River Basin.

The (ooperative State Researcn Service {CSES) and the
State agriculiural exporiment staticns in ths ifest have a
regioral res=arsin project through which cooperative research
is planned and carried out. The project known as "The
Physico~Chnemical Besls o managing Salt-Affected Soils™ and
is aimed 2% understanding physical and chemical factors that
affect the reclamation of soil and geclogic materials, and

- 0P

information and improved techﬁoiogy which will benefit other



determining and quantifying cnemical and mineralogical
properties of carbonates and evaporites in salty soils, geo-

logical formations and water. 1in FY 1982 the participating

AL S
P AU RPN

state experiment stations spent over $294,000 on the project

of which $57,000 were federal funds and $236,500 were state

funds.

Monitoring and Evaluation - Field monitoring activities

through Colorado State University and ARS jpdtoated—that "
additional research and fieid data are needed to further
improve furrow irrigation system design procedures and S
griteria. Many variables sueh as soils, crops, type of
systems, and quality of water management influence the design

and effectiveness of irrigation systems,. Additional

monitoring and evaluation data is needed to further define

the impacts on reducing deep percolation and ultimate salt

load reduction. With additional data, the cost-effectiveness

of various practices can be petter assessed. A major conclu-

sion is that more extensive funding and staffing ar;mﬁ;gg;g“— o
to provide support for the very important onfarm water

management and scheduling needs.

USDA has initiated a more comprehensive onfarm
monitoring and evaluation program in both the Uinta Basin and
Grand Valley. Specialized monitoring equipment has been
purchased and installed to measure climatic conditions (pre-
cipitation, wind airection and veloclity; etc,) for use in
determining evapotranspiration rates ana for measuring field
irrigation infiows and outflows. These data will be used to
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getermine irrigation efficiencies and amounts of deep perco-
lation. The monitoring programn has been initiated on several

farms and wili pe expanded to approximately 30 farms per year

for each project as funding levels increase in future years.

An effective onfarm ponitoring piogram 15 necessary to

measure cthe salinity THipacts or the USDA program:

gudgeting . UsSDA and the administration suomitted a FY
1984 pudget request for $12.5 miltion for planning, imple~
mentation, and monitoring. The request increases funding for
Colorado River salinity control and proposes the creation of
a singuiar consolidated account for the program. At this
point, the Congressional Agriculture Subcommittees have not
supported the pdministration's proposdl. Without mew au-
thorities and separate funding, the program can only be

supported through existing programs.

Bureau of Land Management

Tn FY 1983 the Bureau of Lapd wanagement's salinity
control effiorts were concentrated on the Sinbad Valley
Project, and the identification of nighly erosive saline
areas wnere wetershed renabilitation measures could be
jmpiemented.

Tne Sinbad Valley Salinity Report vas completed in April
1983. The report identifies TWO aiternatives with very
similar cost effectiveness. vne total cost of each of the
two alternatives 1is apprcximately 7.5 million dollars, with a
cost per milligral per iiter at Imperial psm for each of the
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two alternatives of approximately $750,000. The &ssistant
Secretary of the Interior for Land and Water Resources has

deciced that if the Sinpad Valley Unit is to be implemented,

- Cu——— T A Y S S

it will be done by the BLi.

.— pPresently, the BLM-is-operating.a streamflow and water

quality monitoring §taZLion, along with a reCordimg T«ll =403 458

in the Salt Creek drainage. Any additional future work on

this project will require special Congressional—fundingsr— R
Watershed rehabititation; through watershed control

measures, according to BLM, provides an appropriate approach N

to salinity control from & tand management standpeoint because

of the multiple use benefits. These multiple use benefits

inciude salinity and sediment reductions, increased rorage
production, greater distribution of livestock by an increase
in water sources, increased wildlife habitat, and flood
control. Reports identifying potential salinity control
areas have been completed for wastern Utah, and the riontrose,
Craig, and Grand Junction areas in Colorado. A Dra%i ﬁétéfw
shed Management Plan, which includes salinity control, has
been completed for the R=d Creek Drainage in Wyoming.

To be considerec for impilementation cf watershed
control measures, an area must have the following three
characteristics:

L. The project area 1is a major contributor of salt and
sediment due to surface runoff and erosion.

2. Surface runofff and erosion rates are nigh, in part,
because of past management practices, and can be reduced by
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proper watershead manageizent .

3. Watershed management zetivities will complement

yatershed planning. — e ——————

Watershed treatments have been implemented in a small

PPN

“portion of the Leach Creek drainage near Grand Junection,

Colorado, in FY 1983. Leach Creek is one area identified for

salinity control in the Grand Junction area Report. Approxi-

mately 100 acres of the water;géd will be treated through
construction of 2 series of small check dams and retention
reservoirs. The treatment area consists of steep badlands
with erosion rates of approximately 9 tons/acre, with a salt

content of approximately 3 percent. When implemented 880

tons of sediment and 22.5 tons of salt per year should be
controlled. Similar areas within Leach Creek are scheduled
for treatment in the future.

in addition to the above, the BL# is sponsoring a pro-
ject entitled "Modeling of Surface Mining on DissolvedSolids
in the Yampa River" and is being conducted by the U.S.
Geological Survey. The objectives of this project are to
identify and calibrate the relationship of existing dissolved
solids with discharge for the tributary system of the Yampa
River above raybell, Colorado; and to assess through model
simulation, the potential increases in dissolved solids of
streams as a result of increasing ievels of mining. This
project is scheduled for completion in FY 1984,

Fish and Wildlife Service (FW3)

This is the first time the Forum has included a discus-
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sion of the Fisn and Wiidlife gservices' (FWS) activities
related to salinity control. Therefore, the discussion has

been expanded to¢ give some background.

VN A _——W

Fish and Wildlife Service responsibilities including

— those set~ forth in the Endangered~5pecies_Aﬂmwﬁﬂiah_and

Wiidlife Coordination Act, Clean Water ACt, Ratlonal EnvITOm-
mental Policy Act, and the Migratory gird Treaty Act provide
for FWS participation in the Coleorado River Satimity-Controi———
Program. It is mainly through these legislative authorities
that the FWS works toward meeting its objective to provide _
the federal leadership to conserve, protect, and enhance fish

and wildlife and their habitat for the continuing benefit of

pecple.

FWS currently is involved with 13 of the salinity
eontrol units under study in the Colorado River Basin. The
complexity and ecological isclation of the Colorado River
Basin is reflected in its bioclogical diversity of fish and
wiidlife resources and great number of unique species. This
river system has the largest 1ist of threatened and
endangered fish and wildlife species in the United States as
well as significant olher resources including migratory birds
and waterfowl, non-migratory birds, big pBame, wetlands,
riparian lands, and other habitats that support wildiife. Of
the 13 salinity control units, 10 are located within FWS's
Region 6 boundary whose participating offices include Salt
Lake City, Utah; Grand Junction and Denvern, Colorado Region 1
participating offices in Reno, Nevada; and Laguna Niguel,
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California have Jjurisdiction over the otner three units

(Table 5). The Denver Regional Dffice nhas been &assigned
responsibility for overall coordination within the FHWS. FWS
participation in 1983 amounted to about 33 staff months of

effort exclusive of consultation sctivities as required by

gection 7 of the Endangereéd "Specigs ATt - S

Table 5 - FWS Invoivement in Saiinity Control Studies - 1683

Status
Fish and Wildlife
Project Region Office Coordination Act Report

Paradox Valley 6 Grand Junction, CO 1986
Crand Valley 6 grand Junction, CO 1984
Glenwood Dotsero 6 Grand Junction, CO 1984
ticElmo Creek 6 Grand Junction, CO Completed
Lower Gunnison 6 Grand Junction, CO Completed
Big Sandy 6 Salt Lake City, UT Unscheduled (Draft

Pianning Aid Memo,
July 1983} Report

Price-San Rafael 6 Salt Lake City, UT tnscheduled
Uinta Basin b Salt Lake City, UT viay 1983 (Draft
Dirty Devil 6 Sait Lake City, UT Unscheduled (Draft
o ‘ Planning—Aid-Memos
May 1983)
La Verkin Springs 6 Salt Lake City, UT 1984
Lower Virgin River 1 Renoc, NV Planning Ald Memo
Prepared
Las Vegas Wash 1 Reno, NV Final Out on Pipe-
Pittman Bypass line Portion of
Pro ject
Coachella Canzl i Laguna Niguel, CA -
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Generzl FWS activities during 1483 consisted of

O s ST

evaluating salinity control unit proposals and preparing
related Fish and WildLife Coordination Act reports, Planning
Aid Memorandums (See Table 5 for status), biological

opinions, and commenting on draft fnvironmental Impact State-

ments and biological assessments.

WS input to planning salinity control units also is

provided through participation in a.—}ariety of
working/planning meetings with the Bureau of Reclamation,
S0il Conservation Service, Bureau of Land Management, State
water development agencies, fish and wildlife resource

agencies, Indian tribes, and the public. As required by the

Endangered Species Act, lists of threatened or endangereg
species in salinity control project areas, and biological
opinions are provided by the FWS. Draft biological opinions
for the Big Sandy Unit and the Glenwood-~Dotsero Springs Unit
are due to be completed in October 1983. Based on the
piological assessment prepared by the Bureau of Reclamation

for the Grand Valley Unit, the FWS determined that the pro-

- e e—

Eam————

ject would have "no effecfﬁmganthékthreatehed and endangered
species occuring or thought to be occuring in the project
area. Non-jeopardy biological opinions, meaning formal
consultation has been completed with the conclusion that the
project “is not likely to jeopardize the continued existence
of the threatened or endangered species™, have been
previously given for the foliowing units: Paradox Valley,
McElmo Creek, Lower Gunnison River, and the Uinta Basin.
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Environmental Protection Agency

The major Environmental Protection Agency (EPA) programs
dealing with salinity control {(Water Quality Management Plan-
ning and NPDES permits) are largely delegated to the States.

Therefore, these programs are dzscussed in otner sections of

this report. EPA maintains over51ght respon51b111t1es for
these delegated programs. For example, EPA has reviewed and
commented on WPDES permit applications for the Jim Bridger
power Plant, Clark County Sanitation District, and the 3an
Juan Power Station. Congress has approved funding for
section 205(j) of the Clean Water Act, and this money may be
available for State and areawide salinity control programs.
in testimony before the Senate Subcommittee on Water and
Power on the proposed amendments (S. 752) to the Colorado
River Basin Salinity Control Act, EPA submitted a statement
in support of the cooperative, pasinwide salinity control
effort. EPA continues Lo encourage the Basin States to
develop and implement the state salinity control strategies.

Tne Forum and EPA pollcy encouraglng the use of poorer

gquality water for industrial purposes is beiling supported
primarily through NEPA (Environmental Impact Statements, EIS)
review responsibilities. Also, tnrough the WEPA review
process, EPA urges the identification of potential salinity
impacts resulting from proposed projects as well as

discussion of mitigation of adverse impacts as required by
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the Council on Environmental Quality regulations (40 CFR

Parts 1500-1508) for implementing the National Environmental
Policy Act. For example EPA has commented on potential
salinity impacts in reviewing grazing and land management

EIS', oil development EIS' and water development project

BIS'.

EPA continues to work with Heclamation on the
underground injection control requirements for the Paradox

Valley salinity control unit.

State Salinity Control Lotivities

National Pollution Discharge
Flimination System (NPDES) Permits

All states have adopted the 1977 Forum Policy for
Implementation of the Colorado River Basin Salinity Standards
Through the NPDES Permit Program. A copy of the policy can
be found in the 1978 Revision of the Water Quality Standards
for Salinity. During the period of this report, the status
of implementation was as follows:

Arizona - Authnority for issuing WPDES permits has not

been delegated to the state. Permits are prepared by the
state, then approved and issued by EPA, Region IX.

in the Colorado River Basin in Arizona above Imperial
Dam, seven permits for waste water discharges Were issued
during the period October 1, 1982 through September 30, 1983.
These included three municipal permits and four permits for

industrial discharges, principally for excess storm drainage
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water from containment facilities at mines. One permit for a

municipal waste water discharge was denied. Tne permits
require that both source water and discnarge TDS be monitored
for compliance with the Forum'’s policy.

The Department of Healtn Services recently reviewed

monitoring reports of facilities potentially discharging
under NPDES permits. no system was discharging more than one
ton per day or 350 tons per year of TDS and in most cases
discharges are remote from the mainstream of the Colorado

River.

California -~ The California Regional Water Quality

Control Board, Colorado River Basin Region, issues the NPDES
permits and waste discharge requirements within the Colorado
River drainage portion of the state. The City of HNeedles is
scheduled for reissuance of its municipal discharge permit.
The Regional Water Qualility Contrel Board’s proposed
reqguirements are consistent with the adopted Forum policy.

In implementing the objectives of the Water Quality

Control Plan for the East Colorado River Basin, the

California Regional Water Quality Control Board has included
in most discharge permit requirements a prohibition of brine
backwash from water softeners to the Lolorade River and into
ground waters wiich are in hydraulic continuity with the
Colorado River System.

Colorado - Authority for issuing discharge permits in

Colorado has been delegated to the Colorado Department of
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Health. There are 138 permits, 63 of whicn are industrial,

in the Colorado River Basin portion of the state. All new
permits and reissued discharge permits in the basin are being
brought into compliance with the Water Quality Control

Commzss;on s regulation for 1mpleﬁentlng the Coiocrado River

salinity standards through the discharge permlt program which
became effective in hay of i978. One new and seven reissued
industrial permits incorporated salinity monitoring require-
ments during 1982. Nine re-issued wmunicipal permits
incorporated salinity monitoring requirements during the
reporting year.

Nevada - The State has been delegated authority to issue
NPDES Permits. Water quality standards for Las Vegas Wash
and Lake Mead were adopted by the State Environmental Commis~
sion in September, 1982, and approved by EPA in December,
1982. An NPDES permit has been issued to Clark County
specifying effluent limits from the County sewage treatment
plant. These iimits are intended to assure that the

standards w111 be met. The permit also requires limits on

salinity to minimize salt dlscharges.

Asimilar permit was prepared for the City of Las Vegas,
however, its issuance has Doeen delayed because of several
gquestions raised by the City. 4 public hearing was held June
B-11, 1983 to aliow argument of the issues. The principal
issues which remain unresolved are the permit limitations on

flow and phosphorous and tne regquirement for the City to

_33.,...



develop and maintain a water quality wonitoring program, The

next public hearing has not been scheduled.

Hew Mexico -~ Authority for issuing permits has not been

granted to the State and the program is being administered by

EPA, Region VI. EPA is following the Forum policy in the
administration of the permit program. In the Colorado River

Basin within the state, the following industirial permits have

peen issued: Electric Power - 3; Coal mines - 3; Uranium

mines - 8; and Gravel plants - i, All permits are consis-

tent with the Forum's policy regarding salt discharge.

EPA has determined that discharges covered by the
uranium mine permits will contribute less than 350 tons of
salt per year to the nearest perennial stream segment of the
Colorado River.

Municipal discharge permits have been issued for three
major and two minor sewage treatment plants, two water
treatment plants, and a small domestic sevage system. Forum

policy will be followed in the sssuance of new or reissued

permits, |
m£é§ - In accordance with the State EPA Agreément, the
state of Utah drafts most municipal permits and all minor
industrial permits. After Public Notice and State certifica-
tion EPA issues all NPDES permits. Seven municipal permits
in the Colorado River Basin (St. George, Green River, Manila

Huntington, Altamont, Kanab, Ferron) were reissued during the

year ending Septemper 30, 1983. St. Geolrge is required to
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monitor and.submit information. on the sources of salinity in

their system. Green River, Manila, Huntington and Ferron
have less than H00 mg/l incremental increase in TDS and/or
discharge less than one ton of salt per day. Therefore they

are_only required to monitor the intake water supply and

discharge in accordance with Forum policy. Kanab, East
Carbon City and Hurricane have recently completed total con-
tainment facilities eliminating their discharges. These
latter two municipalities no longer have NPDES permits
resulting in their permit files being deactivated. Altamont
also has a total containment lagoon system.

There were 24 industrial NPDES permit issued during
this report period. All dischargers were required to comply
with the 1977 Forum Policy. iost of the permits are dis-
charges of less than one ton of salt per day. Ten of the
permits were for mining operations and 8 were for discharges
from oil well operations. One mine and two o0il wells
discharge more than 1 ton of salt/day. Information submitted

prexipuslymindicates_ﬁgg; the costs to eliminate the dis-

charges are greater than the expected downstream damage. The
disecharge permits for these facilities are reviewed
periodically to determine their potential for salﬁ reduction.
Permit limitations for a power plant, sand and gravel opera-
tion, and two water treatment plants require "no discharge".

Wyoming - The Wyoming Department of Environmental
Quality, Water Quality Division, has been granted authority

for state acdministration of the NPDES permit program. The
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Fopum Policy. . for Tmpiementation of the Colopadg River

Salinity Standards through the NPDES Permit Program is
followed in the issuance of all NPDES permits. The cbjective
of this policy for industrial discharges is no salt return

_whenever _practicable.

In December of 1982, a conditional discharge permit was
issued to Pacific Power and Light Company for the Jim Bridger
Power Plant, located in Sweetwater County, Wyoming. The
permit was conditioned on the salt load reaching the Green
River being less than one ton per day or 350 tons per year,
whichever is less, as prescribed in the Forum Policy. The
entire discharge will be eliminated by 1990 as air poliution
control devices are installed in 1986, 1988, and 1990.

Water Quality
Management Plans

The States have developed water quality management plans
to conform with the requirements of Section 208 of the Clean

Water Act. The status of the plans aire sumumwarized as

follows:

Arizona - The Northern Arizona Council of Governments
(NACOG) generated water quality management plans for the
Colorado River and its tributaries in the northeast and north
central parts of the state, while the District IV Counecil of
Governments developed similar management plans for iiohave and

Yuma Counties. The two areawide plans and the state 208 plan

were conditionally approved by EFA in February and September
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..-brackish/saline waters offer__the _best opportunity for

lg?gy—respectivelmiand-approvedmbymEPﬂ_ianay_lQBlrn Theo— o
plans were subsequently amended without change in salinity
control provisions. Agricultural best management practices

and implementation of the policy for industrial uses of

salinity control and are consistent with the Forum's plan of

implementation for salinity control.

California - The Water Quality Control Plan for the

East Colorado River Basin, adopted by the California Regional
Water Quality Control Board and the State Water Resources
Control Board in 1975, is being updated. A public hnearing on
the updgted plan was conducted in July 1981. The salinity
control component of the water guality plan is consistent
with Forum's plan of implementation for salinity control.
The Regional Water Quality Control Board is working with the
Forum and local entities to insure that implementation of the
water quality plan is achieved.

Colorado - In the Colorado River portion of the state,

20&—piansmhavembeenwsubmihtedmand_nﬁrhiﬁiadmﬁpr three of the
four regions. Plans for the two non-designated regions in
the San Juan area and the Gunnison - Uncompaghre area, were

updated and recertified.

fevada - Toe Clark County Department of Comprehensive
Planning has submitted an amendment for the Laughlin section
of the plan. Amendments regarding storm water and ground

water activities are pending completion of studies. Due to
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unpesolved—issues —regardiigewaste —water-treaininiuroquise

ments and water quality standards for Las Vegas Wash and Lake
Mead, the Cities of Las Vegas and North Las Vegas brought
suit against Clark County, the State of Nevada, and the
Environmental Protection_Agency (EPA) _resulting in.a_Consent
Decree which was entered in dMarch, 1379. A dispute between
the parties in 1981 as to compliance with the provisions of
the Consent Decree arose and an amended Consent Decree was
proposed. However,; the original consent Decree was retained.

Through processes set up by the Consent Decree a water

7]

quality standard study was made to determine if former water
gquality standards were adequate or should be revised. On
December 19, 1982, EPA approved revised water quality
standards for Las Vegas Wash and Lake lMead which had been
adopted by the State Environmental Commission in September
1982. The State and EPA determined that these standards were
sufficient to meet the requirements of the Clean Water Act,
It is the opinion of EPA that the intent of the original

Consent Decree has been satisfied and EPA is taking action to

dismiss the original and subsequent lawsuits,

dew Mexico ~ The Section 208 program in New lMexico is
under the direction of the New Mexico Water Quality Control
Commission. The State of WNew iexico Water Quality ranage-
ment Plan was initially adopted by the Commission in 1978 and
1979. It has been updated three times since. The Plan

jdentifies the San Juan River Basin in New Mexico as the one
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of best management practices for sediment control.

The Environmental Improvement Division; a constituent
agency of the Water Quality Control Commission, brought a
proposed update of the irrigated . agriculture element of. the
Plan to a public hearing in July 1983. The update recommends
the voluntary use of those practices for irrigated
agriculture, reconmended in the New Mexico Soil and Water
Conservation Plan, that may have water quality benefits., The
update also supports further researcg in New iexico on water
quality benefits of management practices and the providing of
information to farmers through the New Mexico Cooperative
Extension Service. The proposed update has been adopted by
the Water Quality Control Commission and is now a part of the
Water Quality Management Plan.

Utah - The three designated planning agencies in the
Utah portion of the Colorado River Basin (Five County, Uinta

Basin and South Eastern Utah) have developed conditionally

certified water quality management plans. . In addition, the

Wayne County portion of the Six-County Commissioners Organi-
zation {(a nondesignated area) also has been conditionally
certified. The update to the Five County Water Quality
Management Plan is also being reviewed by the Bureau of Water
Pollution Control for State certification. Improved irriga-
tion methods and onfarm improvements are being implemented in
the Uinta Basin as part of the Uintah Basin water quality
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management plan. The Bureau of Water Pollution Control and
the Environmental Protection Agency are currently certifying
the Recapture and rontezuma Creek Subpasins and the Hon-

point Source (WPS) Pollution Assessment and Control Plan, as

part of the Southeaséérn litah Water Quality Management Plan.

The WPS Plan states that salinity is one of the major
NPS problems in Southeastern Utah. Currently, thé-Burea;me
Reclamation and the Soil Conservation Service are conducting
studies to determine the sources and amounts of salinity, and
the activities necessary to reduce salinity levels. The
cconomic costs of salinity loading in the Colorado River are
staggering and these agenies have been assigned the responéi-
bility for salinity control. The primary need at the local
level is for coordination of the efforts underway to insure
that iocal concerns are peing met and that efforts are not
unnecessarily duplicated.

Within the §PS Pian, the Soil Conservation Districts

have been identified as the primary management agencies for

NPS pollution control. These agenclies operate at the local
level and have the responsibility to implement conservation
goals. 4s iocal coordinators, the 3CD's may effect the
greatest improvements in the local environment. This plan
identifies the districts as implementors and recommends
methods to improve their capability and effectiveness in
implementing the recommendations. The SCD's may and should

pecome the main contact at the iocal lLevel concerning re-
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source conservation and deveiopment. Given a structure and

process from which to operate the goals of this plan and
other natural resource opportunities will be more fully
realized. The main recommendation of this plan is that the

water quality management agency work with the SCD's to im-

prove their involvement in natural resource issues.

Wyoming - The Water Quality Management planning program
in Wyoming i3 under the direction of the Water Quality Divi-
sion of the Department of Environmental Wuality. The Clean
Water Report for Southwestern Wyoming addresses water quality
in Lincoln, Uinta, and Sweetwater Counties. This report was
adopted at the local level, certified by the Governor, and
conditionally approved by the EPA on October 9, 1980. The
Governor's certification recognizes a salinity contrel pro-
gram for the Green River Basin as a major water gquality
priority. The report recommends continuation of the big
Sandy River Unit Study, improved irrigation efficiencies and
further study of a number of other management alternatives.

The Statewide Water Quality Management Plan establishes

an institutional framework under which planning and implemen-
tation activities can proceed in Wyoming. Implementation of
much of the program depends on the availability of funds and
the acceptance of responsibilities by the designated manage-
ment agencies. Management agency agreements have been
developed and are presently being implemented with the BLM,

State Engineer, and the Wyoming Conservation Commission.

Iy



Other Activities

Arizona Arizona continues to participate and support
the Forum in Colorado River salinity issues and programs.
The State Water Quality Control Council (WQCC) has

adopted the 1981 Review of the Water Quality Standards for

Salinity, Colorado River System, including the plan of imple-

mentation as part of its water guality regulations. The

State has alsc adopted the Forum's p&licy for use of brackish
or saline waters for industrial purposes and encourages the
use of such waters for industrial purposes where feasible.

The WQCC has instituted a new stream quality category
called “unique waters,"” by SO designating the West Fork of
the Little Coiorado River. A stream so nominated isnié be
kept at pristine, extra-nigh quality; primarily by adminis-
trative programs.

The Soil Conservation Service is continuing a study on
the Colorado River Indian Reservation aimed at improving

water use efficiency through delivery system improvements and

onfarm practices.

California - California continues to support the Forum
as it has done since its creation on salinity issues. The
requirements imposed on the HPDES permits issued are more
stringent than those recommended by the Forum. The Water
Quality Management Plan for the Colorado River portion of the
state is consistent with the Forum's plan for salinity

control and urges and supporus salinity control activities.
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A policy establishing priorities for the use of poor gualily

waters for cooling of inland power plants has been in effect
since 1975. The State Water Resources Control Board has
included salinity control in the Coloradc River among its top

priority items.

Colorado - Additional activities included coordination

among the several state entities i1nvolved in the salinity
control program,-coordination of state efforts to gain
passage of the Forum's propcsed amendments to P.L. 93-320,
review of the water rignts issues associated with the federal
salinity projects, and participation in the water gquantity
and gualiity monitoring programs for the Grand Valley and
Lower Gunnison areas.

Nevada - In an effort to beneficially use saline flows

in the Virgin River, the State has elicited local interest in

exploring the use of this water for cooling purposes for
future power generating staticns. The State is also coor-
dinating the pianning efforts of the Bureau of Reclamation on

the Las Vegas Wash Unit with the local entities in an effort

to gain their endorsement of the piroject. The State of
Nevada continues to support the Coiorado River pPasin Salinity
Control Program.

New mexico - The Stete of nHew Mexico turough the Forum

Member, Advisory Council members, and the New idexico Water
Quality Control Commission support the Colorado River Basin
Salinity Contro. Program and are taking all reasonable action
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to insure its imprementation. State actions inciude: (L)

support of federal legislation including appropriations to
implLement the program, (2) inclusion of saiinity control
measures in the 208 plans, (3) dissemination of information

on salinity sources and control measures to the water users

i arcrser
and the public in the Colorado River Basin area of the state,

(4) consultation with industries on potential salinity reduce

tion measures; (5) impléﬁentation of Forum's Policy through
existing legal and institutional mechanisms, e.g. WPDES, (6}
the support of future funding for the Forum executive
director whose mejor funotion is to assist in carrying out

the Colorado River Salinity program, (7) allocation of state

financial and manpower resources to several salinity research
efforts, (8) providing matching funds to support the USGS

water quality data collection program in the Colorado River
M T TS A

Basin portion of the state which is necessary to monitor
salinity conditions on the river,; and (9) waintaining a
continuous water guality planning programnm whereby new or

additional salinity control measures can be addressed.

Utah - Farmers and ranchers in Utah are becoming
increasingly aware of the impacts of agricultural activities
on- salinity and The Utal Department of Agriculture is
supporting eﬁféct;;to reduce salt ioading from agricuitural
activities:“ The Department recognizes that these actions

must be accompliisneé at the grass roots ievel and the Depart-

ment utilizes the local soil conservation districts, which

9



are designated as manggement agencies to develop and

implement plans for saiinity control.
In 1983 the State of Utah created the Agriculture
Resource Development Loan fund which provides low interest

loans to farmers and ranchers for soil and water conservation

practices. Projects are approved by local soil conservation
districts based on local conservation needs. In eastern QEEh
these funds are being utilized to match Agriculture
Conservatiou Project grants and to improve rangelands. The
Utah Department of Agriculture maintains administrative
control over the loan program; iowever, project approval and
monitoring occurs at the local level. Feduction of salinity
is & main target in certain districts.

The soil conservation districts have alsc been active in

promoting and coordinating salinity control measures in

eastern Utah. The Department is supporting these activities
by providing direct technical assistance and funding support
for a regional coordinator to assist in implementing district

projects. Tae Department maintains communication with the

various agencies involved in salinity control and attempts to
coordinate its activities whenever possible.

The Utalh Department of Agriculture is providing funding
support to tihe Utan State University wpxtension Service to
conduct a water management program in tne state. The Uinta
Basin has been identified as one of tnree areas in the state

for implementation of this program. The program provides

.



farmers with a management system which will minimize

overwateiring and thereby reduce salinity concentrations from

deep percolation.

Seven salinity stations are monitored by the Utah Bureau

of Water Pollution Control. Temperature and conductivity

—————— —
measurements are recorded every 30 minutes. '
Wyo mlng - In 1981 the Governoris office began an active

search for 1nauatr1ai users for the Big Sandy water. The
Chevron Chemical Company has contiracted to accept a portion
of the Big Sandy water as a part of the water supply for its
proposed Phosphate Fertilizer Piant near Rock Springs,

Wyoming. Otaer industries in tiie area are seriously consi-

dering the use of such water, and negotiations are
continuing. The water obtained from the Big Sandy Unit can

be used in conjunction with good guality water purchased from

Wyoming's nearby Fontenelie Reservoir storage when necessary
to meet either guality or guantity conditions.
The joint effort between the State of YWyoming, Reclama-

tion and the USDA is expected to reduce the TDS concentration

at Imperial Dam by 7-9 mg/l upoit implementation of the full

project.

Forum Activities

Water Rights

The Forum Work Group appointed a comuittee to explore
the water rights and interstate compact issues which may be
raised 0y salinity control projects. The Work Group

T



discussed these issues at several meetings in 1982 and recom-

mended to the Forum at its October meeting that the following
procedure oe folliowed in dealing with The issues ralsed by
the salinity control projects:

The water rights issues shail be addressed on 2 project-

by-project basis with the understanding that:

1) the actions taken with respect to one project shall

not establish preéédents with respect to other
projects, and

2) any water consumed would not necessarily be charge-
able to the compact entitlement of the state in

whien the depietion occurs.

Baseline Values

Baseline-valiues, which are relationships between salt

&ea&ﬂnﬂh4éo«q—u4a0-éau&&apad—ﬂnn-hh&a&a&n—s&ﬂffﬂnq bt 153

Coiorado River pasin. (A description of the methodology for
developing these values and the values themselves can be

found in the baseiine value report adopted by tThe Forumn

September 11, 1980), Prelimipary values for the average

annuai saiinity concentration at each station were daveloped
by the USBR for tne 1982 water year and compared to the
baseline values. All feil within the two standard deviations

of variatiomn.

Public Involvement and Participation

The seven Basin states continue to work with concerned
agencies to increase public awareness and understanding of
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salinity anu its impacts, and will coordinate this effort

with the Forum. This Annual Progress Report is a component

of this educational effort and will be distributed to
interested individuals and organizations.

pMeetings of the Forum and its Work Group are open to the

public and all comments on its activities are considered and

acted on as appropriate. The Forum and the states also

provided for publicwiﬁvéf;ement in the standards review
process.

Forum members participated with their state 208 agencies
in matters related to salinity and saiinity control and will

continue to do s0 as the need arises.

The Forum's executive director contributes to tﬁe
publicts understanding of the salinity problem and the

salinity control program through numerous meetings, public

mw

appearances and speecnes.
The Bureau of Reclamation publishes a guarterly
newsletter entitled #Salinity Update™ which provides current

information on its activities and those of other federal

agencies related to salinity control. The Forum and the
states also utilize the newsietter as a means of advising the

public of their activities.

Forum Proposed Legislation

Thiroughout 1982, the Forum took various steps in an
effort to secure needed amendments to P.L. 93-320 the
Golorado River Basin Salinlty Control Act. However, legisla-
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tive reports on Senate Bill 8. 2202 were not supmitted to the

07th Congress until December 1982, by which time it was too
late in the session for Congressional action. Hedrings on
the companion House Bill, H.R. 6097 were not held.

On arch 10, 1983, S. 752 was introduced into the 98th

7

Congress by Senator Armstrong of Colorado with cosponsorship
by the thirteen other Basin Senators.

The legislation introduced into the Senate, with the
exception of soie minor technical and editorial changes, was
identicali to the S. 2202 introduced into the 97th Congress in
iyBge. The Bill calis for the exemption of the salinity
control efforts from the principles, standards, and proce-
gures required under the Water Resources Planning Act. It
instructs the Secretary of the Interior to select salinity

units that have the least cost per unit of salinity reduced.

L —
Tt authorizes, ia addition to the four authorized units 1in
tne initial iegisliation, six salinity control units. They
are: Stage I of the Lower Gunnisocn dasin Unit, Colorado; the

MeEimo Creek Unit, Colorado; Stage I of the Ulnta Basin

Unit, UTah; the Palo verde lrrigatlion DISuDIcel URLL,
Caiifornia; Saline iater Use and Disposal Opportunity Unit;
and, the Sinbad Valley Unit, CoLorado.

The legislation would further auinorize the Secretary of
the Interior to enter into joint ventures witn non-federal
entities when it is in the test interest of tae bnited States

as salinity control opportunities are identified. The Bill
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also allows for the replacement of some incidental wiidlife
M

values that mignt have been foregone as a result of the
construction of salinity control units. The legislation
further authorizes a program to be carried out by the

Secretary of Agriculture for onfarm irrigation improvements

so that salinity returning from agricultural practices can be

reduced. The agriculture portion of the legislation calls

for the expenditure of approxinately $200,000,000 over the

next seven fiscal years and allows for a portion of the costs
to be paid for by tne Lower Colorado River Basin Development

Fund and the Upper Uolorado River Basin Fund.

Energy and datural Resources Comiittee chaired oy Senator
Wieckles of Oklahoma held a hearing on 5. 752. A statement

was submitted on benatf of the Forum by Governor Bruce
- T A R S ST ST

Babbitt of Arizona. Separate statements were introduced by
representatives of each of the other Basin states and from
water users within the Basin. Administration testimony was

presented by the Department of the Interior and the Depart-

ment of Agriculture. Other federal agencies that submitted
statements were the State Department, and EPA. Additional
testimony was submitted by several organizations. All
testimony and statements were generally supportive of the
proposed legislation.

On April 27, H.R. 2790 a companion bill to 5. 752 was
introduced into the House cof Representatives by Representa-
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- tive Kogovsek of Colorado. The Biil is currently

cosponsored by 35 representatives from the Basin states. To
date, the House has not scheduled hearings on this

legisiation.

S -5y - ComrtrotHegisiation—-
Department of Agriculture

The Secretary of Agriculture, on behaif of the Adminis-

submitted proposeu USDAE legislation to the Senate and House
of HRepresentatives. The legislation provides for a separate
progiram for Colorado River saliniiy control under the Secre-
tary of Agriculture and supports a separate consolidated
account for saiinity control.

: The Administration's proposec legislation was introduced

as S. 1842 and H.R. 3903 in the U.S3. epnate and House of

3
Representatives respectively. Both 3. 1342 and H.R. 3903 are

similiar to the Forum's proposed legislation (8. 752 and H.A.
2790) in that tne bills =authorize the Secietary of

Agriculture to develop and implement a voluntary cooperative

program for salinity control in the Colorado Hiver.

Senator William Armstrong of Coliorado, on September 14,
1983, intrcduced S. 1842 which would amend P.L. 93~-320 by
ereating & separcte onferm szlinity control program within
USDA. Cospeonceors of 5. 1242 ares senatoi's Hateh and Garn of
Utah, Senator Wilson of California, and Senator Goldwater of

Arizona.
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On September 15, 1983..00ngrassnan K K ol

Texas introduced H.R. 3903 on behalf of himself and the
Administration. H.R. 3903 is a bill to authorize the Secre-
tary of Agriculture to develop and implement a coordinated

agiricultural c¢onservation progra in tone i~

Basin., Unlike S. 1842, H.R. 3903 does not amend P.L. 93~

320, but instead creates a separate USDA salinity control

program independent of the Colorado River Salinity Control
Act of 1974,

On September 20, 1683, the House Subcommittee on Conser-
vation, Credit and Kural Development of the Committee on
Agriculture, chaired by Congressman Jones of Tennesse-held.
hearings on H.R. 3903 along with several other agricultural

bills. Jack Barnett, the Executive bDiirector of the Forum,

submitted testiwony on behall of fhg Lol Ol Lltss Dl

la Garsza, Chairmain of the House Committee on Agriculture
testified in support of the bill and urged the subcommittee
to enact the legislation., Additional supporting testimony

was received from the Department of Agriculture. dHearings

have not been scheduled on S. 1842,

Executive birector and Forum Office

Tne Forum offices are Located at 1006 West 500 South,
Suite 101 in Bountiful, Utah, and the Forum is being served
by an HExecutive Director and a secretary. Tne bxecutive
Director and his activities are funded by the seven Basin
states. The Executive Director has been 2ctively ecarrying
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. out the program of tihe Foruim and a large part of his Lime hes

been spent working on the above legislation. Consultants

have also assisted the Forum in carrying out its program.
W A TR

Qutlook for pieeting Standards
In the Future

The flow-weighted average annual salinity values at

Hoover and Imperial dams 1increased in 1982. However, at

Parker Dam, salinity decreased SLightly. Based on the

available data, it appears that salinity values at Hoover,

. . " L L oa. .

river flows well in excess of water demands during the last

half of 1983.

Implementation of Federal salinity control activities

00 00 AT

are continuing in the Grand Valley, Uinta Basin and Paradox

Vailey. dowever, it will be a number of years before any
gnilrican. eliects are te a e ree LOwWer marns
stations. The system's reservoir storage increased about 5.1
million acre feet as a result of higher than average runoff

in 1982,

SritrrttyConTentrattors T or— Iyt 2 are gabout I 7 e o
the numeric criteria at Hoover Dam, 30 mg/l below the
criteria at Parker Dam, andg at Imperial Dam, about 54 mg/l
below the numeric eriteria. Considering current levels of
satinity in the lower mainstem, the level of reservoir
storage and the present level of water demand in the Basin,
it is clear that the criteria will not be exceeded during the
next twelve-month period.
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) Studies by the Forum and Reclamation show that salinity

concentrations will continue to increase unless salinity

T———— LRl jlea s ures ere implemented. It takes aboutl 10 years

for thne full impact of control measures to be felt at

Imperial Dam. The planning and implementation of the

sty comtrot p;Ggram~reqﬁ+feﬁmaweeﬂsédegab&amperinﬂ oL
time. Therefore it 1s imperative that the salinity control

prograia be carried out as expeditiously as possible.
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